Los Morteros: Early Monumentality and Environmental Change in the Lower Chao Valley, Northern Peruvian Coast by Mauricio Llonto, Ana Cecilia
The University of Maine
DigitalCommons@UMaine
Electronic Theses and Dissertations Fogler Library
Fall 12-18-2015
Los Morteros: Early Monumentality and
Environmental Change in the Lower Chao Valley,
Northern Peruvian Coast
Ana Cecilia Mauricio Llonto
Follow this and additional works at: http://digitalcommons.library.umaine.edu/etd
Part of the Archaeological Anthropology Commons, Environmental Studies Commons, and the
Geology Commons
This Open-Access Dissertation is brought to you for free and open access by DigitalCommons@UMaine. It has been accepted for inclusion in
Electronic Theses and Dissertations by an authorized administrator of DigitalCommons@UMaine.
Recommended Citation
Mauricio Llonto, Ana Cecilia, "Los Morteros: Early Monumentality and Environmental Change in the Lower Chao Valley, Northern
Peruvian Coast" (2015). Electronic Theses and Dissertations. 2420.
http://digitalcommons.library.umaine.edu/etd/2420
LOS MORTEROS: EARLY MONUMENTALITY AND ENVIRONMENTAL
CHANGE IN THE LOWER CHAO VALLEY, NORTHERN PERUVIAN COAST
By
Ana Cecilia Mauricio Llonto 
Licenciada, Universidad Nacional de Trujillo, 2005 
M.S. University of Maine, 2012
A DISSERTATION 
Submitted in Partial Fulfillment of the 
Requirements for the Degree of 
Doctor of Philosophy
(Interdisciplinary in Quaternary Geoarchaeology)
The Graduate School 
The University of Maine 
December 2015
Advisory Committee:
Daniel H. Sandweiss, Professor of Anthropology and Quaternary and Climate 
Studies, Advisor
Daniel F. Belknap, Professor of Earth and Climate Sciences
Luis Jaime Castillo, Professor of Archaeology, Pontificia Universidad Catolica
del Peru.
Alice R. Kelley, Associate Research Professor, Climate Change Institute 
Joseph Kelley, Professor of Earth and Climate Sciences 
Jeffrey Quilter, William and Muriel Seabury Howells Director of the Peabody 
Museum of Archaeology and Ethnology
Gregory Zaro, Associate Professor of Anthropology and Climate Change, 
Department Chair
DISSERTATION ACCEPTANCE STATEMENT
On behalf of the Graduate Committee for Ana Cecilia Mauricio Llonto, I affirm that this 
manuscript is the final and accepted thesis or dissertation or project. Signatures of all 
committee members are on file with the Graduate School at the University of Maine, 42 
Stodder Hall, Orono, Maine.
Dr. Daniel H. Sandweiss, Professor of Anthropology and DATE
Quaternary and Climate Studies
II




In presenting this thesis in partial fulfillment of the requirements for an advanced degree 
at the University of Maine, I agree that the Library shall make it freely available for 
inspection. I further agree that permission for “fair use” copying of this thesis for 
scholarly purposes may be granted by the Librarian. It is understood that any copying or 




LOS MORTEROS: EARLY MONUMENTALITY AND ENVIRONMENTAL
CHANGE IN THE LOWER CHAO VALLEY, NORTHERN PERUVIAN COAST
By Ana Cecilia Mauricio Llonto 
Dissertation Advisor: Dr. Daniel H. Sandweiss
An Abstract of the Dissertation Presented 
in Partial Fulfillment of the Requirements for the 
Degree of Doctor of Philosophy 
(Interdisciplinary in Quaternary Geoarchaeology)
December 2015
This doctoral dissertation presents the results of archaeological and 
geoarchaeological studies carried out at the site of Los Morteros and the Archaeological 
Complex of Pampa de las Salinas, lower Chao Valley, North Coast of Peru, between 
September 2012 and July 2014. This research focuses on the study of the mound-shaped 
site of Los Morteros and the environmental contexts in which this site developed. 
Previous excavations at the site considered Los Morteros as a “stabilized dune” whose 
top was used as cemetery for pre-pottery people around cal. 5000 B.P (Cardenas 1995, 
1999). However, geo-radar explorations of the mound in 2006 and 2010 (Sandweiss et al. 
2010) showed evidence of architecture of considerable dimensions covered by thick 
layers of eolian sand which would pre-date the remains reported by Cardenas. This 
research demonstrates that Los Morteros is not a natural feature but an artificial mound 
that was built through complex processes that include architecture and possible 
intentional formation of a mound-shaped structure by harnessing natural forces of eolian 
deposition. The data indicate that Pampa de las Salinas was an important focus of social 
development during the Preceramic Period.
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CHAPTER 1
INTRODUCTION TO THE RESEARCH PROBLEM
1.1. Dissertation Perspectives and Objectives
The Late Preceramic Period was a time of important social achievements, such as 
development of monumental architecture, ceremonial buildings, formalized funerary 
patterns, increase in the use of domesticated plants and animals, intensification of long­
distance exchange, and more specialized economies (see Chapter 3). Most of the above 
represents the continuity of processes developed in the Early and Middle Preceramic 
Periods (Moseley 1975; Fung 1988; Quilter 1991a, 2014; Burger 1992; Sandweiss 2014).
Several chronological divisions have been proposed for the Preceramic Epoch, 
particularly for the Late Preceramic Period, after its recognition in the late 1940’s as an 
important component of the Peruvian prehistory. One of the first proposed chronological 
divisions of the Preceramic Period was made by Lanning (1963, 1967), who divided the 
period into Preceramic I-VI, and attached these phases to the later ceramic chronology 
proposed by Rowe (1962). This chronology was further divided into subphases (Red 
Zone, Oquendo, Chivateros I, Chivateros II, Arenal, Luz, Canario, Corbina, Pampa, 
Encanto), based on changes in lithic artifacts from the Central Coast (Lanning 1963,
1967; Moseley 1975). Later, under an evolutionary view of Peruvian prehistory, 
Lumbreras (1969, 1974) divided the Preceramic Period into Lithic and Archaic 
(Undifferentiated Gatherers, Advanced Gatherers, Lower Archaic, and Upper Archaic). 
Engel proposed the term Cotton Preceramic for the Late Preceramic Period, based on the
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early widespread appearance of cotton artifacts in several sites of the Peruvian Coast 
(Engel 1963). Moseley recognized a Lithic and a Preceramic Stage making a further 
subdivision of this latter based on the changes in cotton artifacts (Moseley 1975). Later, 
Quilter proposed a chronology of the whole Preceramic Period into Early, Middle, Late, 
and Terminal Preceramic (Quilter 1991a, 2014). This study uses Quilter’s chronology for 
the Preceramic Period and Rowe’s chronology for the ceramic periods. I add the 
Sandweiss (2014) calibrated dates for the Early, Middle, and Late Preceramic (Tables 1.1 
and 1.2).
CHRONOLOGICAL DIVISION OF THE PERUVIAN PREHISTORY
A D /B C  cal. yrs. A D /B P  cal. yrs. PERIOD
1470-1532 Late H orizon
AD
1100-1470 Late Intermediate Period
800-1100 M iddle H orizon
100-800 Early Intermediate Period
1000 B C -100 A D 2900-1850 Early H orizon
1500-1000 3450-2900 Initial Period
BC /B P
1650-1500 3600-3450 Terminal Preceramic
3850-1650 5800-3600 Late Preceramic
7050-3850 9000-5800 M iddle Preceramic
12050-7050 14000-9000 Early Preceramic
Table 1.1. Chronology of Peruvian prehistory based on Rowe (1962), Quilter (1991a), 
and Sandweiss (2014). All dates are 2o calibrated.
One of the most remarkable characteristics of the Late Preceramic Period is the 
development of monumental architecture for non-domestic/ceremonial purposes, which is 
recognized as the most ubiquitous worldwide manifestation of complex societies (Trigger 
1990). In 1940's, the first preceramic coastal sites were discovered and excavated in the
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Supe, Vim, and Chicama Valleys (Willey and Corbett 1954, Feldman 1980, Moseley 
1982). Much later, the outstanding discovery of Caral and several other sites on the part 
of the northern Peruvian coast called Norte Chico (Shady et al. 2001; Haas and Creamer 
2004) demonstrated that the first florescence of monumental sites started to be built 
around 5000 B.P. in the Norte Chico, which concentrates the most numerous and 
impressive manifestations of early monumentality. Moreover, most of the theoretical 
corpus that focuses on the emergence of social complexity in Peru is based on the 
findings and data from the central and north-central coast of Peru (Lanning 1967; 
Moseley 1975; Fung 1988; Benfer 1990; Quilter 1991a; Shady et al. 2001, 2003; Haas 
and Creamer 2006). Many of these studies have focused on the study of the "earliest" 
monumental sites and the economic and sociopolitical organization that was the basis of 
their development.
Current models propose that these complex Late Preceramic societies developed 
upon an economy that combined maritime and agricultural production under a stratified 
social regime centered in the Supe Valley (Shady et al 2003; Shady 2004). Another 
model proposed that these early developments occurred at different valleys of the north- 
central coast almost simultaneously, without a center of origin (Haas and Creamer 2004, 
2006). More recently, new archaeological excavations on the north and north-central 
coast are showing that monumental sites have had complex formation processes, with 
different site locations, economic and social bases, and even architectural layout (Vega- 
Centeno 2006; Alva 2008; Dillehay et al. 2012). It is important to consider this diversity 
when building theoretical models about the rise of social complexity.
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Within this context, the results of excavations at the Preceramic site of Los 
Morteros are crucial. Los Morteros is a large, mound-shaped archaeological site 
(approximately 200 m by 150 m and 15 m height), mostly covered by eolian sand. This 
site is located on Pampa de las Salinas, lower Chao Valley, North Coast of Peru (Figures 
1.1 and 1.2). This area is currently a hyperarid and hypersaline environment characterized 
by the invasion of migrating barchanoid dunes and lack of vegetation. A particular 
characteristic of this environment is the presence of a paleo-embayment that contains a 
salt flat. Despite the aridity and apparent isolation of this area, Pampa de las Salinas 
seems to have been a very different environment earlier in the Holocene, based on the 
evidence of an ancient and long human occupation during the Preceramic Period. More 
than 20 archaeological sites have been reported in the Pampa Las Salinas alone (~5 km x 
4 km), all of these settlements appear to be Preceramic in age, although there are 
ephemeral traces of ceramic-age human presence. Among the preceramic sites, Salinas de 
Chao is perhaps the best known site, and is widely cited in the archaeological literature as 
the first example of Preceramic monumentality in the valley, even though there is a 
debate about its chronological position (Pozorski and Pozorski 1990; Quilter 1991b). Los 
Morteros was first identified by Cardenas as a “stabilized dune” whose top was used as 
cemetery for pre-pottery people around cal. 5000 B.P (Cardenas 1995, 1999). However, 
geo-radar explorations of the mound in 2006 and 2010 (Sandweiss et al. 2010) showed 
evidence of architecture of considerable dimensions covered by thick layers of eolian 
sand that would pre-date the remains reported by Cardenas.
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Figure 1.1 Location of the Chao Valley in Peru.
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Figure 1.2. Map of the Viru Province with the location of the Chao River and areas 
mentioned in this document (Figure after on ONERN 1973).
These antecedents suggested that Los Morteros could contain evidence of a 
monumental construction that would predate the first recognized example of 
monumentality in the valley, Salinas de Chao. Therefore, Los Morteros would be a very 
suitable place to study the development of monumentality and the processes involved in 
this development in the Chao Valley. Moreover, the cultural setting of Pampa de las
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Salinas would allow studying Los Morteros along with the population that built, 
supported, transformed, and eventually abandoned this site. Within this context, in 2012 I 
carried out a field season of archaeological excavations at Los Morteros and of the 
natural and cultural setting of Pampa de las Salinas. The primary objective of this study 
was to contribute to the understanding of the processes involved in the rise of early 
monumental sites and in this part of the Central Andes. Secondary objectives of this 
research including field goals were to: 1) characterize the architectural nature of Los 
Morteros and propose a chronology for the site, 2) study the economic bases of the 
inhabitants of Los Morteros and neighboring sites of Pampa de las Salinas, 3) assess the 
environmental transformations that occurred in the area and characterize the possible 
environment and landscape that hosted the Preceramic developments of Pampa de las 
Salinas, and 4) evaluate the chronology of the Preceramic Period in Pampa de las Salinas.
With these objectives I started archaeological and geoarchaeological 
investigations in Pampa de las Salinas under the Los Morteros-Pampa de las Salinas 
Archaeological Project. Excavations were carried out from September 2012 to January 
2013. To fulfill the above described objectives, the field research combined three 
components: a) extensive archaeological excavations of Los Morteros, b) restricted 
excavations through test pits in five neighboring sites considered as potentially 
contemporaneous with Los Morteros (La Aldea, Piedras Negras A, Los Pescadores, Duna 
Larga, and Conchal Viejo, see Chapter 6) to collect datable materials to evaluate the 
chronology of these sites, and c) geoarchaeological and archaeological explorations of the 
paleo-embayment and the pampa area to understand the geomorphology and 
environmental change that transpired in Pampa de las Salinas.
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Excavations in 2012 have uncovered a very complex history of occupation of Los 
Morteros which includes the presence of early monumental architecture with particular 
characteristics. The contexts excavated and materials recorded have been grouped into 
occupational phases based on stratigraphic location, radiocarbon dates and materials 
associated (Table 1.2). Thus, the First Phase (oldest) of occupation recorded during the 
2012 season corresponds to a stone hearth recorded in a test pit that explored deep 
deposits (~2.5 m from current surface) in Trench 2. This hearth was covered by 
Argopecten and Fissurella shells and contained remains of ash, charcoal, and small fish 
bones. This hearth yielded a calibrated radiocarbon date of 5726-5477 cal. yrs. BP. For 
reasons explained in Chapters 7 and 9, the second phase is hypothesized to correspond to 
an adobe-brick structure recorded in Area 2. However, no radiocarbon dates have been 
directly assigned to this structure. The structure is composed of a single room made of 
adobe and clay with stone foundations. The dimensions (10 m by 7 m and 2 m of 
preserved height of the walls), architectural characteristics, and considerable investment 
of human and economic resources for the construction of this structure appear to exceed 
domestic requirements. Therefore, I consider this adobe room to be an example of early 
monumentality at the site. The Third Phase of occupation of Los Morteros is 
characterized by stone-and-clay structures with round corners and standing stones 
(huancas) as particular architectural features. This architecture was recorded in Area 1, 
on top of the mound and in Area 2, stratigraphically above the adobe structure. A large 
and dense domestic midden is associated with this phase. Two calibrated radiocarbon 
dates are associated with this phase: 5570-5041 cal. yrs. BP and 5469-5050 cal. yrs. BP.
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PROPOSED PHASES OF OCCUPATION FOR LOS MORTEROS
PH A SE




3rd Phase 5570-5041 cal. yrs. BP
Stone-and-clay architecture w ith  round 
corners and cerem onial features (standing
2nd Phase N o direct date associated
stones). D om estic m idden associated. 
M onum ental adobe architecture.
1st Phase 5726-5477  cal. yrs. BP Stone hearth w ith marine shells.
Table 1.2. Sequence of occupation proposed for Los Morteros based on the contexts 
recorded in the 2012 season.
This research demonstrates that Los Morteros is not a natural mound but an 
artificial construction that was built through complex processes that include architecture 
and possible intentional formation of a mound-shaped structure by harnessing natural 
forces of eolian deposition. The data indicate that Pampa de las Salinas was an important 
focus of social development during the Preceramic Period. The evaluation of the absolute 
chronology of this area shows a clear, constant and long human occupation since at least 
6000 cal. yrs BP to 3000 cal. yrs. BP. Throughout all this time, the local environment 
appears to be a key element that provided the economic support for permanent settlement 
and population growth. The physical transformations of Pampa de las Salinas potentially 
influenced the acquisition of economic resources, settlement pattern, and the definitive 
abandonment of this area after 3000 cal. yrs. BP.
1.2. Dissertation Overview
This thesis studies the characteristics of the Preceramic occupation of Pampa de 
las Salinas, focusing on the site of Los Morteros, but also incorporating the natural and
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cultural context in which this site developed. Within the context, objectives, and 
methodology described above, this thesis discusses the Preceramic Period in Pampa de 
las Salinas from an archaeological and geoarchaeological perspective. Chapter Two 
presents the natural setting of the study area in terms of geormorphology, ecology, 
environment, and climate. Chapter Three discusses the state of current knowledge of the 
Late Preceramic Period in the Central Andes, with particular emphasis on coastal 
Preceramic sites and the rise of monumental sites in coastal regions. Chapter Four 
presents previous archaeological research in the Chao Valley and particularly in Pampa 
de las Salinas. Chapter Five presents geoarchaeological and archaeological explorations 
of the study area and discusses the possible scenarios for the landscape and the 
environmental transformations that transpired in Pampa de las Salinas during the 
Preceramic Period. Chapter Six provides detailed information about archaeological 
excavations and site stratigraphy at Los Morteros, as well as excavations at the Conchal 
Viejo and Los Pescadores sites. Chapter Seven presents and discusses the Preceramic 
architecture recorded at Los Morteros in terms of the Phases of occupation proposed for 
the site. Chapter Eight contains the analysis, comparisons, and interpretations of the 
organic remains (fauna, flora, and human coprolites) in terms of habitats, climate, and 
environment. Chapter Nine presents and discusses the chronology of the cultural and 
environmental processes based on the available radiocarbon dates for the archaeological 
sites of Pampa de las Salinas and some geological contexts. Finally, Chapter Ten 
discusses the general results of this study and offers preliminary conclusions about the 
Preceramic occupation of Pampa de las Salinas, the history of Los Morteros, and the role 
played by the local paleo-environment through time.
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CHAPTER 2
THE NATURAL SETTING OF THE CHAO VALLEY AND PAMPA DE LAS
SALINAS
2.1. Introduction
The understanding of the natural setting of the study area, both past and present, is 
a major component of this study. This information is required to in order to better 
understand the nature of the human occupation and the social dynamics that transpired 
during the Preceramic Period in Pampa de las Salinas. In this chapter I present modern 
geomorphological, ecological, hydrological, and environmental data from the Chao 
Valley region. In addition, I add regional paleo-environmental data drawn from other 
geological, archaeological, and environmental studies. The data presented in this chapter 
is complemented with new geoarchaeological data collected during this research, which 
is discussed in greater detail in Chapter 5.
The Chao Valley is a small and narrow river valley located in the La Libertad 
region on the northern Peruvian coast. Geographically, this valley lies between the Viru 
Valley to the north and the Santa Valley to the south. Chao belongs politically to La 
Libertad Region, Province of Viru, and District of Chao (Figure 2.1). The current total 
population of the Chao District is 22,826 inhabitants, including urban and rural 
populations (INEI 2007). The Chao District is composed of several caserios that were 
once part of the lands of the Marquez de Bella Vista, then of the hacienda Buena Vista, 
and later of the Cooperativa Buena Vista until 1970 (Collin-Delavaud 1984).
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The main economic activity in this valley is agriculture, which has focused on the 
exportation of crops such as asparagus, avocados, sugar cane, grapes, and other fruits in 
the last 15 years. Most of these industrial agricultural lands are located in the lower and 
middle valley, and use water provided by the CHAVIMOCHIC Irrigation Project. The 
Chavimochic irrigation system draws water from the Santa River to irrigate the Chao, 
Vim, Moche, and Chicama valleys. Each of these valleys are relatively small, with low 
and irregular annual river discharges. The growth of agro-industrial activities in La 
Libertad Region has made Chao a focus of migration, especially for people from highland 
or upper valley localities.
12
Figure 2.1. Location of the Chao Valley in the Peruvian territory.
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2.2. General Environmental Characteristics of the Chao Valley
Data presented in this section corresponds to accounts and characteristics of the modern 
environmental conditions of the Chao Valley, particularly the lower part of the valley.
2.2.1. Meteorological Characteristics
There is scant meteorological information available for the Chao Valley, as most 
available data from the Peruvian government offices (SENAMHI, ANA, MINAM), 
correspond mostly to the Viru Valley. The most complete information about 
environmental characteristics of the Chao Valley comes from the reports by ONERN in 
the 1970’s. However, the ONERN report for the Viru and Chao valleys did not use 
meteorological or hydrological information acquired directly from the Chao Valley since 
there were no meteorological station in this valley until 1998. It is only after that year that 
the CHAVIMOCHIC irrigation project (PECH by its Spanish initials) started to record 
hydrological and meteorological activity directly from the Chao valley, at San Carlos, 
approximately 20 km from the study area and at an elevation of 141 masl.
Chao Valley weather is temperate year-round with an average temperature of 
20°C in areas close to the ocean and between 17 to 13°C in the upper valley. Temperature 
increases from the littoral until an elevation of 800 masl, where temperature decreases 
with higher elevations (Table 2.1). The annual mean relative humidity is 73.4% (based 
on the period 2000-2010, San Carlos meteorological station) (PECH 2012) (Table 2.1). In 
coastal areas the mean is around 85%, being higher during the winter. The highlands have 
a mean of 65% humidity, with increased values during the summer (ONERN 1973).
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The evaporation rate from the lower Viru valley fluctuates between 769 mm/yr (at 
5 masl) and 982.7 mm/yr (at 100 masl). The evaporation rate is higher during the summer 
in the coastal sectors of the valley. In the upper valley, at 2600 masl , the evaporation rate 
is higher during the winter, with a mean of 827 mm (ONERN 1973).
The annual mean precipitation in the Chao Valley is 189 mm (San Carlos 
meteorological station; PECH 2010). However, the areas close to the ocean receives 
much less precipitation. In Viru, meteorological stations located within the first 100 m of 
the coast report annual mean values of 7 mm. The upper sections of the valley receive 
higher levels of precipitation (1200 to 1400 mm) (ONERN 1973).
SA N  M A R C O S M E T E O R O L O G IC A L  ST A T IO N
L atitude 08°31’42" S 
L ongitude 78°38’11" W
Period 2001-2010
Year
T em perature °C  
M ean M ax M in
Precipitation  (m m ) 
M onth M ax. inten.
R.H.
%
2001 18.9 31.7 12 51.3 7.1 77.9
2002 20.5 28.3 15.6 44.4 1.3 75.9
2003 20.1 32.9 12.2 13.2 16.5 76.2
2004 20.7 21.9 13 10.3 0.3 82.1
2005 19.8 32 12 11.2 1 91
2006 20.8 32.1 13.4 12.8 100 80.9
2007 19.4 31.9 11.4 1.2 100 82.3
2008 20.7 32 13.2 22.4 5132.2 70
2009 20.7 31.3 12.1 10.8 6.4 52.4
2010 19.9 31.9 10.3 11.4 22.2 45.3
A N N U A L 20.3 32.9 10.3 189 5132.2 73.4
Table 2.1 Meteorological data for the Chao Valley collected at the San Marcos station 
(source: PECH 2010). RH = relative humidity.
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2.2.2. Ecological Zones
There are five ecological zones identified in the Chao basin (Table 2.2). These 
zones are defined based on elevation, temperature, geomorphology, soil characteristics, 
vegetation, and fauna (ONERN 1973). In this section I focus on the lower section of the 
valley, the area that extends from the coast to approximately 500 to 900 masl, the area 
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Table 2.2. Ecological zones identified in the Chao Valley (after ONERN 1973).
2.2.2.I. Pre-montane Desert
In the Chao Valley, the pre-montane desert expends from the coast to 500 masl to 
the north, and to 900 masl to the south, covering a total area of around 2772 km that 
represents 39% of the total watershed of the river. The weather in this ecological zone is 
arid to semi-arid (~20 °C annual mean), with very low annual precipitation rates that vary 
from 7 mm in areas close to the coast up to 50 mm at the highest elevation.
This zone can be divided into two topographically distinct areas: 1) undulating 
plains and low hills (alluvial plain, pampas, and high salinity areas) and 2) the Andean 
foothills. Soils in the coastal valley have varying depths, and are generally alluvial and 
well-drained, with a fine to coarse texture. However, the natural fertility is low to 
moderate. In the quebrada areas, soils are colluvium-alluvial, fine to coarse in texture, 
and have moderate natural fertility. In the pampa areas, soils are of eolian and alluvial 
origin (generally regosol), have a coarse texture, and low natural fertility. Close to the 
coast, and distant from the mouth of the Chao River, between the Panamerican Highway 
and caserio Laramie (518 hectares), the soils are highly saline, have a coarse to fine 
texture, are poorly drained, and have low natural fertility (ONERN 1973).
Vegetation in the lower elevations is composed by Tillandsia sp. (totora), 
Schoenoplectus americanus (junco), estuarine and wetland vegetation, cactus, and sapote 
(Cereus macrostibas and Capparis angulate). In the areas with high salinity levels the 
dominant species are Distichlis spicata (seashore saltgrass, locally called grama salada) 
and Heliotropium sp., both of which grow even among thick layers of salt (ONERN 
1973). Herbaceous plants, bushes, and trees such as Capparis ovalifolia (locally called
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simile or bichayo) grow close to the riverbed, along with Capparis angulate (sapote), 
Crytocarpus sp. (locally called guayabito). The species Acacia macracantha (locally 
called huarango) was abundant until the late 1970’s, forming secondary dry forests that 
were overexploited by the local population to obtain charcoal and firewood (Figure 2.2) 
(ONERN 1973). The vegetation in the river valley is sparse. Close to the sea, vegetation 
is characterized by halophytic plants, which changes inland to a plant community 
dominated by Arundo donax (locally called carrizo), Gynerium sagittatum (locally 
known as cana brava), Salix sp. (willow or sauce), Schinus molle (molle), among others 
(ONERN 1973).
2.3. Hydrology of the Chao Valley
The Chao River originates at the foothills of Cerro Ururupa, at an elevation of 
4050 masl, and is formed by the convergence of the Chorobal (north) and Huamanzana 
(south) Rivers. It is part of the Pacific hydrologic basin, and is fed primarily by seasonal 
precipitation in the upper basin (ONERN 1973).
The Chao River basin has an area of approximately 1558 km , 44% of which is 
characterized as the humid basin (the area that receives most of the precipitation). The 
ONERN report of 1973 indicates that at that time, irrigation took place during the 
highland rainy season, while during the rest of the year farmers used ground water. 
However, before the CHAVIMOCHIC project started (1998), the Chao River was 
reported as having a water deficit, limiting the agricultural development of this valley. To 
date, there are more than 600 wells in the lower Chao Valley, half of which are
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functioning. The water table in the lower valley is located at depths less than 3 m, and in 
areas close to the coast, it is located at less than 1.5 m from the surface (Figure 2.3).
The discharge of the Chao River varies seasonally, with higher flows during the 
rainy season November to March) (Tables 2.4 and 2.5). According to the data gathered 
by PECH, the annual mean discharge in the recent years (1998-2010) has fluctuated 
between 0 to 3 m /s. Data presented on the tables below illustrate the low water flow in 
both rivers that form this valley.
Figure 2.2. Monte vegetation in the bottom of the lower Chao Valley recorded by the 
Viru Valley Project in 1946 (Willey 1953).
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Y ear Jan Feb
C H O R O B A L  M E T E O R O L O G IC A L  STATIO N  
M ar A pr M ay Jun Jul A ug Sep Oct N ov Dec M E A N
1998 3.034 17.329 11.774 2.526 0.393 0.399 0.254 0.155 0.121 0.076 0.062 0.058 3.015
1999 0.007 7.405 1.579 0.355 0.082 0.082 0.065 0.06 0.048 0.022 0.04 0 0.809
2000 0 0.723 2.024 0.157 0.084 0.08 0.072 0.06 0.033 0 0 0 0.269
2001 1.798 0.908 5.091 0.779 0.061 0.057 0.035 0.013 0 0 0 0 0.728
2002 0 0.355 3.774 1.064 0.068 0.047 0.017 0 0 0 0 0.039 0.447
2003 0 0 0 0.138 0 0 0 0 0 0 0 0 0.011
2004 0 0 0 0 0 0 0 0 0 0 0.002 0.019 0.002
2005 0.003 0.116 0.095 0.003 0 0 0 0 0 0 0 0 0
2006 0 0.256 2.029 1.199 0 0 0 0 0 0 0 0 0
2007 0.172 0.204 0.942 1.104 0.144 0.052 0.023 0 0 0 0 0 0
2008 0.11 0.761 1.05 0.65 0.153 0.137 0.081 0 0 0 0 0 0
2009 0.217 1.437 1.227 2.147 0.208 0.2 0.1 0.1 0 0 0 0.547 0
2010 0.006 0.857 0.085 0.345 0.181 0.1 0.01 0 0 0 0 0 0
M E A N 0.411 2.335 2.282 0.805 0.106 0.089 0.05 0.03 0.016 0.008 0.005 0.051 0.046
Table 2.3. Monthly mean river discharge (m3/s) of the Chorobal River during the period 1998-2010 (source: PECH 2012).
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Y ear Jan Feb M ar
SIFO N  H U A M A N Z A N A  ST A T IO N  
A pr M ay Jun Jul A ug Sep Oct N ov Dec M E A N
1998 6.129 18.786 14.677 1.888 0.668 0.202 0.129 0.023 0.014 0.008 0.001 0 3.544
1999 0 10.467 2.477 0.397 0.05 0.056 0.04 0.03 0.029 0.017 0.004 0 1.131
2000 0 0.434 2.351 0.075 0.055 0.03 0.025 0.006 0 0 0 0 0.248
2001 1.192 0.691 6.422 1.21 0.044 0.024 0.015 0.006 0 0 0 0 0.8
2002 0 0.113 2.884 0.338 0.003 0 0 0 0 0 0 0.044 0.282
2003 0 0 0 0.068 0 0 0 0 0 0 0 0 0.006
2004 0 0 0 0 0 0 0 0 0 0 0 0.003 0
2005 0 0 0.057 0.002 0 0 0 0 0 0 0 0 0.005
2006 0 0 0.057 0.002 0 0 0 0 0 0 0 0 0.005
2007 0.141 0.111 0.666 0.628 0.021 0 0 0 0 0 0 0 0.131
2008 0.003 0.059 0.167 0.163 0.05 0.034 0 0 0 0 0 0 0.04
2009 0.012 0.379 0.867 0.922 0.05 0.035 0.016 0 0 0 0 0.296 0.215
2010 0.032 1.125 0.062 0.26 0 0 0 0 0 0 0 0 0.123
M E A N 0.746 3.388 3.214 0.442 0.091 0.035 0.023 0.007 0.005 0.003 0.001 0.005 0.663
Table 2.4. Monthly mean river discharge (m /s) of the Huamanzana River during the period 1998-2010 (source: PECH 2012).
Figure 2.3. Ground water levels along the lower banks of the Chao River; key to ground water depths in the area: red: <1m; orange: 
1m to 1.5m; yellow: 1.5m to 2 m; light green: 2 m to 3m; dark green: >3m (map taken from PECH website: 
http://www.chavimochic.gob.pe/).
2.4. Geomorphology of Pampa de las Salinas
2.4.1. The Pampa Area
Pampa de las Salinas is located in the lower Chao Valley. The Pampa is bounded 
by the river mouth to the north, the Cerros Coscomba and Cerros Salinas to the south, the 
Cerros Jaime to the east, and the Pacific Ocean to the west (Figure 2.3). Pampa de las 
Salinas has an area of approximately 25 km . The ~3 m high scarp of a paleo-shoreline 
divides Pampa de las Salinas into the two main geomorphologic areas: 1) a gently sloping 
pampa above the ancient shoreline, and 2) a dry paleo-embayment of lower elevation that 
extends to the coast (Figure 2.4).
The upland portion of the pampa is a uniformly sloping area, approximately 6 
km , flanked by Andean foothills to the east. The geomorphology of the pampa is 
characterized by the presence of Late Pleistocene to post Mid-Holocene alluvial channels 
and alluvial fan deposits that appear to decrease in age towards the paleo-shoreline.
Dense eolian-sand deposits occupy the northwest and southwest ends of the paleo- 
shoreline forming large dunes and less dense sand sheet covers, often filling incised 
alluvial channels— (Figure 2.5). In general, the surface deposits of the pampa are coarse, 
angular to subangular, poorly sorted sediments ranging in size from boulders to sand.
Post Mid-Holocene age channels cut through the embayment, and generally contain 
gravel deposits (small angular rocks <20 cm). These younger alluvial deposits can be 
found only near the paleo-shoreline scarp. The estimated age of these alluvial deposits 
and channels are based on the dates of the archaeological sites cut t these deposits, all of 
which are younger than 6000 cal. yrs. BP (see Chapter 9).
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The saline content of the pampa sediments is high, and almost no vegetation 
grows naturally over this area. Currently, a large number of chicken farms are located on 
the pampa and appear as rectangular white blocks on the satellite photos. The pampa is 
crossed by an extensive network of dirt roads that lead to the farms and the local beach. 
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Figure 2.4. Satellite photo showing the two main areas of Pampa de las Salinas: the 
paleo-embayment and the flat pampa. The yellow dashed line indicates the location of the 
paleo-shoreline; the yellow square corresponds to Los Morteros (DigitalGlobe, 2010. 
WorldView-1 satellite image, Catalog ID 102001000F13D000, acquisition date 
2010/10/30).
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Geomorphology of the Pampa Area 
Pampa de las Salinas
753000  754000  0000
Figure 2.5. Geomorphological features of the pampa; 1: Late Pleistocene alluvial fans; 2: 
Mid-Holocene alluvial fans; 3: post Mid-Holocene alluvial channels and fans. Dunes 
occupy the northwest end of the paleo-shoreline. Discontinued line indicates the paleo- 
shoreline (DigitalGlobe, 2010. WorldView-1 satellite image, Catalog ID 
102001000F13D000, acquisition date 2010/10/30).
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2.4.2. The Paleo-embayment of Pampa de Las Salinas
The dry embayment of Pampa de las Salinas is the area between the ocean and a 3 
m high log-spiral shoreline. The paleo-embayment has an area of approximately 20 km . 
The width of the paleo-embayment from the scarp to the ocean is about 4 km in the 
central part of the paleo-shoreline. The maximum elevation of this area in the east is 
approximately 10 masl and decreases towards the ocean.
The entire area of the ancient embayment is crossed by extensive dune fields that 
are formed by wind-blown sand. The alignment of the dunes is from southwest to 
northeast and follows the trend of the coastal winds (Figure 2.6). These dunes are up 
several meters in height, and migrate northwards due to the very strong coastal winds that 
sweep the area during the day. The larger dunes are located in the northeast and 
northwest portions of the paleo-embayment. Very large dune fields occupy the entire 
northwestern section of the paleo-embayment. The northeastern section contains a 
vegetated area that is visible from the pampa. This area is a remnant of a secondary dry 
forest of Acacia macracantha (huarango) and Arundo donax plants (carrizo).
The sediments of the paleo-embayment are highly saline with a pH between 7.9 to
8.4 (ONERN 1973). Surface salt crusts are visible over large areas. Even though most of 
Pampa de las Salinas is owned by a large industrial farming company, the dry- 
embayment is currently not subject to any economic activity. The area with the highest 
accumulation of salt is a salina, located to the south central embayment (Figure 2.6). This 
salina was exploited for salt production by the Peruvian government until late 1970.
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Some of the original dirt roads in the area were constructed to connect to the 
Panamerican Highway as the result of this activity.
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Pampa de las Salinas 
Paleo-embayment
Figure 2.6. Satellite photo of the paleo-embayment of Pampa de las Salinas showing the 
current location of dunes. Dashed line indicates the paleo-shoreline (Digital Globe, 2010. 
WorldView-1 satellite image, Catalog ID 102001000F13D000, acquisition date 
2010/10/30).
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2.5. Paleo-environmental and Paleo-climatic Data of the Study Region
In order to understand the natural setting that hosted the Preceramic population of 
Pampa de las Salinas and the role played by the environment in the settlement and social 
dynamics of this population, this section presents regional paleo-environmental 
information that is applied to the interpretation of the new data recovered by this study 
through archaeological and geoarchaeological explorations of Pampa de las Salinas. Data 
presented in this chapter is discussed in Chapters 5, 9, and 10.
As noted in previous sections, the current landscape and environment of Pampa 
de las Salinas is hyperarid and hypersaline, dominated by large dunes, alluvial channels, 
alluvial fans, and a ~10 km-long paleo-shoreline. The presence of more than 20 
Preceramic archaeological sites in Pampa de las Salinas indicates that this area must have 
been very different in the past in order to sustain that number of occupants for a long 
period of time (see Chapter 9). Although, there are very few studies concerning the paleo- 
environment of the Chao Valley, this section draws information from local and regional 
studies.
Due to the chronological, geomorphological and environmental characteristics of 
Pampa de las Salinas, three Mid-Holocene (~9000-3000 cal. yrs. BP) paleo- 
environmental aspects are important to consider in this study: a) local tectonic uplift; b) 
sea level change; and c) El Nino activity.
The escarpment of the paloe-shoreline of Pampa de las Salinas has been 
interpreted as result of tectonic uplift that affected this area during the Preceramic human 
occupation. This event caused the destruction of the rocky habitat favored by mollusks
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and forced the abandonment of Pampa de las Salinas by the Late Preceramic Period 
(Sandweiss et al. 1983; Rollins et al. 1986; Alva 1986; Cardenas 1999). Sandweiss et al. 
(1983) proposed that the uplift event of Chao region (“the Chao Event”) occurred after 
4000 BP. A similar interpretation has been proposed for the Santa paleo-embayment 
located ~20 km south of Chao, where both, a possible southward displacement of the 
Santa River and the westward displacement of the shoreline, are associated with major 
and minor uplift events, respectively (Sandweiss et al. 1983; Rollins et al. 1986; 
Sandweiss 1986; Moseley et al. 1992). Sandweiss et al. (1983) estimated that the first 
uplift event (“the Santa Event”) that stranded the coast occurred before 4000 BP. The 
site, Alto Salverry, is located on left bank of the lower Moche Valley has also been 
associated with an uplift event that would have caused the abandonment of the area 
(Pozorski 1979). Other studies propose that the lack of Pliocene and Pleistocene terraces 
between approximately 6° and 14° south of the equator is an indicator that this part of the 
Peruvian coast did not experience significant subsidence activity since the Pliocene 
(DeVries 1988; Ortlieb et al. 1996; Wells and Noller 1999). However, based on the dated 
molluscan specimens found in living position by Sandweiss et al. (1983) the paleo- 
shoreline at Santa is considered to be of Mid-Holocene by the authors. In the case of the 
Chao paleo-shoreline, more research is needed in order to refine the chronology of a 
potential uplift event. This and previous studies show that Pampa de las Salinas had a 
continuous occupation from at least 6000 cal. yrs. BP (likely 7000 cal. yrs. BP) to 3000 
cal. yrs. BP (see Chapter 9 and 10). Therefore, it is important to understand the 
relationship between the human occupation of Pampa de las Salinas and the so-called 
“Chao Event”. The study of the local tectonic activity is beyond the scope of this
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research, however, the state of the investigations in Pampa de las Salinas suggests that if 
the Chao Event uplifted the paleo-shoreline this event would have occurred before 5400 
cal. yrs. BP since this is the oldest date for the occupation of Los Morteros related to the 
possible exploitation of the local salina, associated with the stone mortars. It is possible 
that the Chao event that initiated the process of coastal progradation occurred before the 
occupation of Pampa de las Salinas. Therefore, tectonic uplift is not considered in the 
analysis of the dynamics of the human occupation of the area. More investigation is 
needed in order to accurately incorporate this factor into the study of the history of the 
Pampa de las Salinas.
Sea level change is another factor that can help to reconstruct the local 
paleoenvironment and the transformation of the embayment in Pampa de las Salinas. 
Although it is recognized the significant changes in the sea level during the Early 
Holocene, as consequence of the deglaciation process, it has been difficult to establish 
regional and local sea-level curves (Hsu 1988; Hsu et a. 1989; Isla 1989; DeVries and 
Wells 1990; Bard et al. 1996; Wells 1996; Sandweiss et al. 1998; Wells and Noller 1999). 
This study uses the proposed interval of 7000-6000 cal yrs. BP for a Mid-Holocene 
highstand with sea level stabilization around 6000 cal. yrs. BP (Wells and Noller 1999; 
Sandweiss 2003; Rein et al. 2005). However, it is important to recall that local factors 
such as isostatic rebound, tectonism, and sedimentation can determine local variations in 
sea level curves.
The third important climatic and environmental factor to consider in this study is
the El Nino Southern Oscillation (ENSO). El Nino is one of the most disruptive and
catastrophic climatic events that affects large areas of the northern and southern
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hemispheres (Caviedes 1975, 1984, 2001; Maasch 2008). Extensive research on the 
history of El Nino has determined that significant changes in the occurrence of this 
phenomenon transpired in the Holocene. Several studies have demonstrated a hiatus in 
the presence of El Nino between 9000 cal. yrs. BP and 5800 cal. yrs. BP (Keefer et al. 
1998, 2003 Fontugne et al. 1999; Rodbell 1999; Moy et al. 2002; Sandweiss 2003; 
Sandweiss et al. 2007). Prior to 5800 and north of the 10° latitude, the SST (sea surface 
temperature) of the Peruvian ocean was seasonally 3 to 4 °C warmer than today, reflected 
by warm-water molluscan species and fish otoliths found at several coastal 
archaeological sites from Casma to Talara (Richardson 1973; Sandweiss et al. 1983; 
Rollins et al. 1986; Sandweiss 1986; Pozorski and Pozorski 2003; Reitz and Sandweiss 
2001; Andrus et al. 2002a). An important climatic change occurred at approximatedly 
5800 cal. yrs. BP, when warm waters were replaced by cool waters very similar to SST of 
the Peruvian Current. This current replacement seems to coincide with the onset of El 
Nino on the Peruvian coast —and sea level stabilization— (Sandweiss et al. 1983; Rollins 
et al. 1986; Sandweiss 1986; Sandweiss et al. 1996, 1997, 1998). On the other hand, the 
onset of El Nino has been related by Sandweiss et al. (Sandweiss et al. 1999, 2001, 2007) 
to the beginning of monumental architecture in the Central Andes. After ~3000 cal. yrs. 
BP, the frequency of El Nino seems to have increased to reach its current periodicity. 
Sandweiss and colleagues have also related this increase in the frequency of El Nino to 
the abandonment of monumental Preceramic and Initial Period monumental sites 
(Sandweiss et al. 2007, 2009).
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2.6. Chapter Conclusions
This chapter presents current and past environmental and climatic data relevant 
for the study area and for the topic of investigation. Only after 1998, when the Proyecto 
Especial CHAVIMOCHIC started in this valley, hydrological and meteorological 
information was acquired directly from meteorological station in Chao Valley. However, 
there is still scant information about the local geomorphology. Peruvian institutions such 
as the Instituto Geografico Nacional (IGN) and the Instituto Geologico, Minero y 
Metalurgico (INGEMMET) provide general information about soil characteristics and 
geology of the valley. Therefore, it is not possible to assess modern climatic trends or to 
study the modern manifestations of phenomena such as El Nino, doughts, land erosion, 
and sediment deposition; or changes in vegetation cover and water table levels.
The regional paleo-environmental and paleo-climatic information presented in 
this chapter is combined with new geoarchaeological data obtained by this research (see 
Chapter 5) to understand the paleo-environment of Pampa de las Salinas during the Late 
Preceramic Period (5800-3600 cal. yrs. BP; see Chapter 10). However, the reconstruction 
of the human-eco dynamics (dynamics resulted from the interaction between humans and 
the environment) in this part of the Chao Valley during this specific period of time, also 
represents valuable information to understand landscape transformations over long 
periods of time —in this case from the Late Preceramic to the present day— and how 
local populations interact within changing environmental contexts.
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CHAPTER 3
THE STATE OF THE ART OF THE PERUVIAN LATE PRECERAMIC PERIOD
3.1. Introduction
The Late Preceramic Period (5800-3600 cal. yrs. BP), also known as the Late 
Archaic, the Cotton Preceramic, or Early Formative Period (Quilter 1991a; Moseley 
1992a; Sandweiss 2014) was a time of rapid and extraordinary social achievements that 
made Peru one of the cradles of civilization in the world (Service 1975). Population 
growth, the spread of cultivated products, the intensification of long-distance interactions, 
and the first manifestations of more complex social organizations appeared during this 
period (Moseley 1985; Fung 1988; Quilter 1991a; Burger 1992). Research on the Late 
Preceramic Period has shifted from chronological and subsistence economy studies to the 
more recently debated hypothesis about the origin of the first monumental sites/centers 
and the social organization that characterized the Late Preceramic peoples (Lanning 
1963, 1967; Patterson and Moseley 1968; Moseley 1975, 1992a; Quilter 1991a; Shady et 
al. 2001, 2003; Haas and Creamer 2004, 2006). The summary of the different aspects that 
characterized the Late Preceramic Period, especially on the Peruvian coast, presented in 
this chapter constitutes the theoretical framework that this dissertation discusses and to 
which it intends to contribute (general reviews of the Late Preceramic Period can be 
found in Lanning 1967; Lumbreras 1969, 1974; Moseley 1975, 1992a; Fung 1988;
Quilter 1991a; Burger 1992; Richardson 1994; Shady 2003; Chu 2008; more recently 
Burger 2014; Quilter 2014; Sandweiss 2014).
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3.2. The Peruvian Late Preceramic Period
In the 1940's, the excavations of the first Preceramic sites of the Peruvian Coast 
made a revolutionary contribution to the archaeology of the Central Andes by placing 
human occupation back in time. These sites were Aspero, first reported by Uhle in 1905 
(Uhle 1925); it is located on the Central Coast, lower Supe Valley, and was first 
excavated in 1941 (Willey and Corbett 1954) but not recognized as having monumental 
structures nor as a pre-pottery site until much later (Moseley and Willey 1973; Feldman 
1980). Two other important preceramic sites dug in the 1940’s were Huaca Prieta de 
Guanape and Huaca Prieta of the Chicama Valley, both excavated by Junius Bird (1948). 
Neither was considered monumental by Bird; despite the large size of Huaca Prieta, he 
believed it to be an accumulation of sunken houses and midden. Recent work by Dillehay 
and colleagues (2012) has shown that parts of Huaca Prieta exhibit small-scale 
monumentality as far back as the Middle Preceramic Period.
Later in 1950's and 1960's, more archaeological excavations led to the discovery
of several Preceramic sites along the Coast such as Culebras, Rio Seco, Bandurria, Ancon
Bay, El Paraiso, Paloma, Asia, and Kotosh, and the recognition that some of these sites
exhibit monumental structures (Engel 1957a, 1957b, 1963, 1966, 1980; Izumi and Sono
1963; Lanning 1963, 1967; Wendt 1964; Izumi and Terada, 1972; Fung 1988; Benfer
1990). Prior to the undeniable evidence provided by these excavations, monumental sites
found on the Peruvian Coast were thought to belong only to the ceramic societies based
on developed agricultural systems that appeared during the Early Horizon (2800 BC-0
AD). The discoveries of monumental Preceramic sites challenged the uni-linear
hypotheses that assigned this kind of complexity to ceramic societies based on
37
agricultural economies, from which social development was "irradiated" (Uhle 1910; 
Tello 1922; cf. Moseley and Willey 1973).
In the mid-1970’s and 1980's several other Late Preceramic sites were first 
excavated or re-excavated, increasing the amount of information for this period. Among 
these sites were Los Gavilanes in the Huarmey Valley (Bonavia 1982), Aspero in the 
Supe Valley (Feldman 1980), El Paraiso in the Chillon Valley (Quilter 1985), La Galgada 
in the Pallasca Province (Grieder et al. 1988), Huaricoto in the Carhuaz Province (Burger 
and Salazar-Burger 1980, 1985), and Piruro in the Tantamayo Valley (Bonnier 1983, 
1988).
Lanning (1967) had suspected a major Late Preceramic presence in the Supe
Valley, but it was not until the 1990's that studies carried out in the so-called Norte Chico
(North Central Coast, composed of the Supe, Huaura, Pativilca, and Fortaleza Valleys)
revealed the existence of more monumental Late Preceramic sites. Among these sites, the
most outstanding example is the site of Caral (Shady 1999a, 1999b, 2004; Shady et al.
2001, 2009; Shady and Leyva 2003; Haas et al. 2004). Archaeological evidence from
Caral and the series of other monumental sites in the Norte Chico area revealed that this
part of the Peruvian Coast had the earliest examples of such sites with considerable
congregation of population, an economy based on a combination of marine and
agricultural resources, and a stratified society centered on the Supe Valley (Shady 2004;
Shady and Leyva 2003). Other studies in the Norte Chico area (Haas and Creamer 2003,
2006) propose that monumental sites developed almost simultaneously within a
heterarchical system of communities. Recent studies have shown evidence of complex
site formation processes of which monumental structures are but a final stage in a very
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long history of occupation, construction, in some cases intermediate abandonment, and 
reuse (Vega-Centeno 2006; Chu 2006; Alva 2008; Dillehay et al. 2012). Although the 
study of domestic components of prehistoric populations is more frequent for later 
periods, for the Late Preceramic Period this kind of study has been almost abandoned 
after the work done by Engel in the 1960's and 1970's. The study of domestic units is 
critical for understanding how societies were internally structured and how they were 
related to other groups.
The data collected through the archaeological research carried out at Late 
Preceramic sites have allowed us to establish several characteristics of the Late 
Preceramic Period in terms of chronology, paleoenvironment, subsistence economies, 
architectural patterns, funerary patterns, religions, social organizations, etc. The details of 
chronology of the Late Preceramic Period have been discussed in Chapter 1.
The beginning of the Late Preceramic Period coincides in time with the onset of 
El Nino, the northward establishment of the cool Peruvian Current, and sea-level 
stabilization at around 5800 cal. yrs. BP (Rollins et al. 1986; Sandweiss 2014; Sandweiss 
et al. 1996, 2001, 2007; Anderson et al. 2007). These climatic changes would have 
caused periods of high river flow and higher water table levels in the coastal valleys. 
These changes in the ocean currents also signified an enhanced productivity of the 
Peruvian ocean and increased the presence of small schooling fish (anchovies and 
sardines), which were important economic species for several Late Preceramic sites 
(Andrus et al. 2002b; Sandweiss et al. 2007).
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The economic bases of the Late Preceramic Period can be divided into coastal and 
highland economies. Coastal Late Preceramic sites had an economy based on marine 
products and domesticated plants (Moseley 1975, 1992a; Quilter and Stocker 1983; 
Quilter 1991; Burger 1992). Marine fishes, mollusks, sea lions, and porpoises provided 
the majority of the protein in the diet. These resources were exploited in sandy and rocky 
environments. Among the main fish species are anchovy (Engraulis ringens), mullet 
(Mugil cephalus), lorna (Sciaena deliciosa), corvina (Cilus gilberti), herring (Clupeidae), 
sardines (Sardinops sagax), bonito (Sarda chiliensis), weakfish (Cynoscion analis), suco 
(Paralonchurusperuanus), shark (among this Carcharhinidae were frequent), and ray 
(Myliobatis sp.). Important marine invertebrates during the Late Preceramic Period were 
mussels (Mytilus sp., Aulacomia sp., Choromytilus chorus), and clams (Mesodesma 
donacium). Sea birds were also a source of food and raw material. Terrestrial animals are 
almost absent in coastal diets, although in some cases deer appear in the record. Frequent 
cultivated plants present in coastal sites include cotton (Gossypium barbadense), gourd 
(Lagenaria siceraria), potato (Solanum tuberosum), common bean (Phaseolus vulgaris), 
lima bean (Phaseolus lunatus), jack bean (Canavalia ensiformis), squash (Cucurbita sp.), 
chili pepper (Capsicum sp.), manioc (Manihot esculenta), sweet potato (Ipomoea batata), 
and maize (Zea mays). Other edible plants which were consumed but whose level of 
domestication is uncertain are avocado (Persea americana), lucuma (Lucuma bifera), 
pacae (Inga Feuillei), guayava (Psidium guajava), jicama (Pachyrrhizus tuberosus), and 
achira (Canna edulis). Other plants exploited by Late Preceramic people as food and 
industrial materials were wild sedges (Cyperaceae), grasses, and algarrobo (Prosopis sp.).
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In the highlands, the diet was based on cultivated and wild plants, with terrestrial 
animals and some presence of marine shells (Moseley 1975, 1992a; Quilter and Stocker 
1983; Quilter 1991a; Burger 1992). Among the most important edible plants were tubers 
such as potato (Solanum sp.), oca (Oxalis tuberosa), ullucu (Ullucus tuberosus), and 
mashua (Tropaeolum tuberosum). The diet also included pseudograins such as quinoa 
(Chenopodium quinoa), kiwicha (Amaranthus caudatus), and lupines (tarwi). Animal 
protein came from wild and herded camelids and wild deer (MacNeish et al. 1983; 
Wheeler 1984; Burger 1985). Guinea pigs appear to have been a good source of meat 
despite the small size of this animal (Wing 1977, 1980; MacNeish et al. 1983).
The presence of cotton is a very diagnostic element of the Late Preceramic Period. 
Cotton is found in the form of seeds, bolls, plants, yarn, and textiles. Cotton was used for 
fishing nets and textiles. Cotton textiles were mainly twined and looped, which includes 
geometric designs (Engel 1963; Grieder et al 1988; Bird and Skinner 1985b).
Long-distance trade is indicated by the presence of obsidian in coastal sites such 
as Asia, Ancon, and Otuma (Engel 1957b, 1963; Burger 1992); shells in highland sites 
(Galgada; Grieder et al. 1988); tropical forest shells on the coast (Caral, Shady and Leyva 
2003); oca and ulluco in Ancon and Alto Salaverry (Moseley 1992a; Pozorski and 
Pozorski 1979); and Spondylus in Rio Seco and Aspero (Wendt 1964; Feldman 1980). 
Similarities between drilled stone beads found in Aspero, Bandurria, and La Galgada has 
been interpreted as evidence of trade of manufactured artifacts (Burger 1992; Quilter 
1991a).
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The architectural pattern of the Late Preceramic Period is better understood from 
monumental sites than from domestic units. Here again, coastal and highland patterns 
differ but the construction of platforms or platforms mounds is conspicuous (Moseley 
1975). Late Preceramic coastal architecture is not homogenous. However, the use of 
stone platform mounds with central staircases and structures on top is characteristic of 
this period. Sites can have one or more mounds with structures on top and open areas in 
between, as in the case of Aspero, Caral, and El Paraiso. The incorporation of sunken 
circular plazas in front of some of the major platforms mounds is a pattern that apparently 
developed earlier in the Norte Chico. Quilter describes the architectural pattern at Salinas 
de Chao, Huaynuna, and El Paraiso as “arranged in a system of imperfect bilateral 
symmetry”, where the final arrangement of platforms exhibits a rather asymmetrical 
pattern due to several phases of construction (Quilter 1991a: 417). In El Paraiso, 
buildings are arranged in an asymmetrical “U” formed by platforms with interconnected 
structures on top (Engel 1966; Quilter 1985). The Late Preceramic monumental 
architecture in the highlands is mostly characterized by pyramids with ritual chambers, 
niches, square and round corners, and sunken central fire pits sometimes with ventilation 
systems (Izumi and Terada 1972; Burger 1980, 1985; Bonnier 1983, 1988; Grieder et al. 
1988). Building and burying of structures was an important component of the 
architectural pattern. The architectural characteristics of the highland buildings have been 
considered to represent an architectural tradition called the Kotosh or Mito Tradition 
(Bonnier 1988). Burger and Salazar-Burger (1980, 1985) have proposed that these 
architectural features shared by highland and coastal sites (Kotosh, La Galgada, Piruro, 
Huaricoto, El Paraiso, Caral, Huaynuna) were the materialization of a religious tradition
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that they call The Kotosh Religious Tradition, in which a main component is the burning 
of offerings in small ritual chambers.
In terms of funerary patterns, the Late Preceramic Period continues the tradition 
of the Middle Preceramic Period. Bodies were generally flexed, although there are 
extended bodies as well, wrapped in cotton textiles and junco mats, with few offerings 
composed of necklaces, lithic artifacts, shells, among other items, generally related to 
everyday activities. The more elaborate examples of Late Preceramic human burials were 
found at La Galgada, where some bodies were accompanied by bone pins, stone cups, 
necklaces, cotton textiles, among other offerings (Grieder et al. 1988). On the coast, 
bundles were placed in domestic refuse deposits or below house floors of domestic 
structures or monumental architecture (Engel 1957b, 1963, 1967; Wendt 1964; Pozorski 
and Pozorski 1979; Feldman 1980; Bird et al. 1985a; Quilter 1989). No evidence of 
formal cemeteries has been found in coastal sites. Some human burials have been 
interpreted as offerings carried out during events of building renovation as reported for 
Aspero and Caral (Feldman 1980; Noel 2003). Although some burials contained more 
and finer grave goods than the majority of the reported Late Preceramic tombs, for 
example the case of some burials from Asia reported to have been found with more 
numbers of textiles and up to three times the amount of offering than other burials in the 
same site (Engel 1963; Moseley 1975) and the fine treatment given to some burials at La 
Galgada (Grieder et al. 1988), it is still hard to understand the meaning of such social 
differentiation in terms of what those people represented for their groups or what roles 
they played within their societies. The presence of individuals with higher social status 
has also been inferred through the clay figurines depicting men and women with fine
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cloths, headdresses, and personal adornments found in Aspero and Caral (Feldman 1980; 
Shady and Leyva 2003). Another possible evidence of an emerging elite or high status 
people is the presence of ceremonial structures and civic-ceremonial centers (Moseley 
1992a) where ceremonies were performed and community gatherings took place, 
implying a certain level of social organization, labor coordination, and a group of people 
in charge of these ceremonies and sites (Quilter 1991a ; Moseley 1992a). Shady (2006) 
states that social differentiation among the inhabitants of Caral is reflected in differential 
access to food, architectural characteristics of the different residential units, and access to 
finer clothes and personal ornaments by certain groups of men and women.
A central topic in Late Preceramic Period studies is the characterization of the 
social organization at different sites or regions during this time. The presence of people 
who coordinated, regulated, and directed activities in monumental Late Preceramic sites 
is implied by particular architectural characteristics and artifacts. The theoretical debate 
focuses also on the size of the groups that built and sustained these civic-ceremonial 
centers and the origin and nature of the power of these emerging elites (Quilter 1991a; 
Moseley 1992a; Shady 2003; Roscoe 2008). In this theoretical debate, smaller sites could 
have been built and maintained by smaller groups without large complex systems of 
organization. On the other hand, larger sites with corporate architecture such as Caral, 
Aspero, El Paraiso, and Salinas de Chao would have needed larger groups of people 
coordinated and directed by smaller empowered groups (Burger and Salazar-Burger 
1986; Quilter 1991a; Moseley 1992a; Shady and Leyva 2003; Haas and Creamer 2006). 
Problems arise when considering the formation process of these sites that could include 
several growing stages, each of them maybe facing different organizational needs
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(Quilter 1991a). More complete absolute chronological sequences are important in 
assessing the social foundation of Late Preceramic monumental sites.
The level of social organization of Late Preceramic populations into specific 
sociopolitical categories is a matter of more theoretical debate. With the recognition of 
Caral and the Norte Chico as the area as the earliest examples of corporate architecture, 
most recent debate has centered there, with positions fluctuating between a centralized 
polity (pristine Andean state; Shady and Leyva 2003) and a series of independent groups 
(Haas and Creamer 2006). These two models, however, agree in that the economic 
system of the Norte Chico was based on the control of production and trade of cotton and 
cultivated products with coastal communities (Shady and Leyva 2003; Haas and Creamer 
2006). Shady (2006) proposes that the successful model of the Norte Chico during this 
period promoted local development of monumental sites and influenced later 
developments in other regions that exhibits similar architectural pattern but in later times. 
However, new archaeological data coming from the North and Central Coast, at sites 
such as Huaca Prieta, Ventarron, Buena Vista, and Los Morteros indicate independent 
regional developments, in some cases predating the Norte Chico sequence (Alva 2008; 
Benfer 2012; Dillehay et al. 2012).
An important question in the discussion of the Late Preceramic Period,
particularly in the case of monumental sites/complex social systems, is how these sites
developed? What were the antecedents and economic and social foundations of such
early social achievement? These questions encompass some of the topics discussed above
including the Maritime Foundation hypothesis (Moseley 1975, 1985, 1992b) but also
include questions about the recognition of earlier examples of small-scale monumental
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architecture that could help to explain the advanced, large monumental sites of the Late 
Preceramic Period (Dillehay 1992).
In most of Peru, the Late Preceramic Period ended around 3600 cal. yrs. BP, 
however, in a few places a Late Preceramic lifeway continued until around 3000 cal. yrs. 
BP. This aceramic time is referred to by Quilter as the Terminal Preceramic Period, 
which is contemporary with part of the Initial Period (Quilter 1991b, 2014). The detailed 
circumstances of the end of the Preceramic are still not fully discussed. Recently, 
Sandweiss et al. (2009) have proposed that the Norte Chico experienced a series of 
natural hazards around 3600 cal. yrs. BP. Earthquakes followed by El Nino events 
produced and mobilized massive sediment deposits to coastal and inland areas affecting 
littoral habitats and agricultural productivity. Sandweiss also proposes a possible 
migration of part of the Norte Chico population to Terminal Preceramic sites further 
north and south on the coast, including Salinas de Chao (Sandweiss 2014).
This summary of the main Late Preceramic topics is the framework within which 
this dissertation presents and discusses the investigations carried out at Los Morteros and 
Pampa de las Salinas, lower Chao Valley.
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CHAPTER 4
PREVIOUS RESEARCH IN THE STUDY REGION
4.1. Archaeological Research in the Chao Valley
Despite being an area with numerous archaeological sites and archaeological 
features, the Chao Valley has largely been a marginal area for Andean archaeology, until 
now mostly recognized for the presence of the site of Salinas de Chao, which is 
extensively cited in the Preceramic literature as the earliest example of monumentality in 
this part of the Peruvian north coast (Cardenas 1976, 1977-78, 1978a, 1978b, 1999; Alva 
1986; Quilter 1991; Burger 1992; Moseley 1992a; Richardson 1994). The first 
archaeological references to the Chao Valley date to the late 1930’s. Rafael Larco 
mentioned in his accounts about the Moche and Viru cultures (Larco 1938, 1945) that 
Chao, along with other small coastal valleys, had small cemeteries and low numbers of 
human burials. In 1946, members of the Viru Valley Project (Willey 1953) visited the 
lower Chao Valley and recorded the dense algarrobo vegetation or monte that populated 
areas in back of the beach zones (Willey 1953, plate 4). Paul Kosok published aerial 
photos of Cerro La Cruz, Cerro Huasquito, and the paleo-embayment of Pampa de las 
Salinas de Chao (Kosok 1965: 3, 184-186).
Nevertheless, the first large and comprehensive archaeological research in the 
Chao Valley was carried out between 1976 and 1977 by the Archaeological Project 
“Obtencion de una Cronologia del Uso de Recursos Marinos en el Antiguo Peru” carried 
out by members of the Seminario de Arqueologia of the Riva Aguero Institute of the
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Pontificia Universidad Catolica del Peru, sponsored by the Volkswagen Foundation 
(Cardenas 1976, 1977-78, 1999). This project was planned by Josefina Ramos and 
directed by Mercedes Cardenas. The excavations and field work were carried out by 
Mercedes Cardenas, Carlos Milla, Cirilo Huapaya, Carlos Deza, and Walter Alva. 
Laboratory analyses were done by Blanca Huapaya, Victor Alamo, Judith Vivar, and 
Gloria Olivera. The 14C laboratory was run by Romulo Ochoa (Cardenas 1977-78). This 
project explored and excavated several areas of the Sechura, Chao, Santa, Huaura,
Rimac, and Lurin valleys. Most of what was known previously about the archeology of 
the Chao Valley comes from the work done by this project in the middle and lower 
valley. Although this project recorded several sites in the middle valley, the studies were 
mostly focused on the lower section, particularly the areas called Pampa de las Salinas, 
Pampa Jaime, Tizal, and Pampa los Pancitos (Cardenas 1976, 1977-78, 1995, 1999). In 
these areas, Cardenas and her team carried out extensive surveys and archaeological 
excavations, mostly through test pits. These explorations in the Chao Valley recorded 
more than a hundred archaeological sites and archaeological features such as temples, 
geoglyphs, dwellings, roads, U-shaped buildings, sunken plazas, and windbreaks; among 
these discoveries, the sites of Salinas de Chao and Templo Tizal are the best known. This 
record of sites was complemented by radiocarbon dates many of which were the first data 
of this kind for the Chao Valley.
The work done by Cardenas and colleagues was the basis for later exploration of 
the middle and lower valley in the 1990’s by the Instituto Nacional de Cultura del Peru 
(INC, now Ministry of Culture) in order to have a record of the archaeological remains of
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the valley before the Chavimochic Irrigation Project started operations in the zone 
(Carcelen and Angulo 1999).
More recently, in 1998, Jonathan Kent and Teresa Rosales and their students 
began several seasons of field work in the middle valley, mostly at the site Santa Rita B, 
focusing on the Early and Late Intermediate Periods (Rosales 1999; Rosales and Kent 
2000; Rosales et al. 2006, Cabanillas et al. 2000; Kent et al. 2005, 2006, 2009; Gaither et 
al. 2008). Later, Melissa Vogel studied the Casma Polity site Cerro La Cruz, located on 
the right bank of the lower valley, in the caserio Buena Vista (Vogel 2012). This site was 
previously described by Paul Kosok (1965), Cardenas (1976, which includes excavations 
and radiocarbon dating), Teresa and John Topic (1978), and Edgardo Silva (1992).
4.2. Former Investigations at Los Morteros and the Pampa de las Salinas 
Archaeological Complex
As noted above, the area of this study was previously investigated starting in the 
late 1970’s. The first archaeological investigations at Pampa de las Salinas were carried 
out by Cardenas and her team in 1976-77. They recorded more than 20 archaeological 
sites, the majority of which were described as pre-pottery sites. This project reported 
dwellings, mounds, temples, geopglyphs, one road, and a series of windbreaks (Cardenas 
1976, 1977-78, 1999). Archaeological excavations were performed at seven of these 
sites: Salinas de Chao (Site 10), Los Morteros (Site 7), Piedras Negras A (Site 137), 
Piedras Negras B (Site 138), El Muerto (Site 141), Conchal Viejo (Site 4), and Los 
Pescadores (Site 6). These sites were excavated through test pits (except for Salinas de
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Chao) and produced a total of 21 radiocarbon dates that are between 7165 and 3077 cal. 
yrs. BP (Cardenas 1976, 1999; see Chapter 9, Table 9.1).
In Conchal Viejo, this project excavated two test pits, recognizing this site as a 
pre-cotton shell midden site. Two radiocarbon dates from this site based on marine shells 
provided uncalibrated radiocarbon dates of 5270±120 yrs. BP and 5080±70 yrs. BP 
(Cardenas 1976, 1978b, 1999) (5899-5334 cal. yrs. BP and 5576-5292 cal. yrs. BP; see 
Chapter 9). The site of Salinas de Chao was found by Carlos Milla and excavated by 
Walter Alva (1986). Excavations in Salinas de Chao were more extensive and provide a 
good amount of data about the architectural components and faunal and botanical remains 
(Cardenas 1999; Alva 1986). Six uncalibrated radiocarbon dates obtained by this project 
ran from 3300±150 BP to 3570±60 BP (3975-3077 cal. yrs. BP; see Chapter 9). Two 
more dates were processed later by the Institut für Radiumforschung und Kernphysik der 
Österreichischen Akademier der Wissenschften (Felber 1984; Alva 1986) yielding 
uncalibrated radiocarbon dates of 3200±90 BP and 3600±90 BP (between 4139-3081cal. 
yrs. BP; see Chapter 9).
At the site of Piedras Negras A, Cardenas and her team excavated two test pits 
with a maximum depth of 1.4 m, recovering organic remains that were interpreted as part 
of two occupations: one with no cotton and the other with cotton remains. Piedras Negras 
A yielded the oldest date for Pampa de las Salinas (7165-6678 cal. yrs. BP).
El Muerto is another site excavated by this project. This site was identified by a 
human skeleton partially exposed in a profile cut by an alluvial channel. Three units were 
excavated here, one of which uncovered the human body. The excavations found midden
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deposits with 27 species of marine shells, botanical remains, and lithic artifacts (probably 
net sinkers) (Cardenas 1999; Cardenas and Vivar 2002). Two radiocarbon dates place this 
site as the second oldest site of the area (6529-5602 cal. yrs. BP).
At Los Morteros, Cardenas and her crew excavated 12 test pits of 2 m by 2 m.
Ten of these pits were located on the upper mound and two on the east slope (Cardenas 
1999:151). In these excavations, Cardenas reported remains of domestic refuse composed 
of mortars, pestles, stone net sinkers, hooks, fish bones, marine shells, fragments of reed 
mats, pieces of gourds, etc. Seven preceramic human burials were also reported at Los 
Morteros which were wrapped in cotton and reed bundles. Based on these findings and 
the characteristics of the uncovered stratigraphy, Cardenas interpreted Los Morteros as a 
stabilized dune with two occupations. The older occupation would correspond to the use 
of the site by preceramic people who did not use cotton and who exploited local 
resources. The other occupation would correspond to the Cotton Preceramic Period, when 
the site was used as cemetery. Cardenas ran two radiocarbon dates for Los Morteros that 
yielded calibrated dates between 5576-4894 cal. yrs. BP. Cardenas did not recognize 
other occupations and interpreted these dates as the oldest and youngest for this site 
(Cardenas 1999).
In the 1980’s, Sandweiss et al. (1983) explored Pampa de las Salinas as part of a
study of the relationships between physical and climatic changes (specifically coastal
uplift and marine currents) and ancient populations. In Chao, Sandweiss et al. analyzed
the characteristics of surface marine shell remains at Salinas de Chao, Los Morteros, Los
Pescadores, and Piedras Negras. They obtained dates for Los Morteros (4784-4152 cal.
yrs. BP) and Los Pescadores (3045-2425 cal. yrs. BP), four of them based on marine
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shells and one on charcoal (Sandweiss et al. 1983; see Chapter 9). The authors 
hypothesized that tectonic uplift stranded the Chao bay altering the landscape and the 
availability of local marine resources (Sandweiss et al. 1983: 295).
Later, Perrier et al. (1994) explored Pampa de las Salinas in order to establish a 
chronology for the infilling of the ancient embayment based on some ideas proposed by 
Wells (1988) for the old embayment of the Santa Valley. Perrier et al. (1994) present a 
series of radiocarbon dates from archaeological and geological contexts, the majority of 
which were obtained from surface deposits. These authors propose that the infilling of the 
Chao embayment would have occur between 5000 and 3000 cal. yrs. BP.
In 2006 and 2010 a crew from the University of Maine conducted geo-radar 
explorations at Los Morteros to test whether Cardenas’s idea of a natural mound was 
viable, or whether this feature contained architecture underneath the current sand cover. 
This research found evidence for some sort of artificial constructions in different sectors 
of the mound. They concluded that there was evidence that Los Morteros was not a 
natural feature but a human construction (Sandweiss et al. 2010).
With these antecedents, Los Morteros-Pampa de las Salinas Archaeological 
Project undertook geoarchaeological studies in Pampa de las Salinas from September 
2012 to July 2014, as part of my doctoral research. The focus of this study was Los 
Morteros but included excavation of test pits at Conchal Viejo and Los Pescadores, as 
well as geoarchaeological explorations of the major geomorphological components of the 
area (see Chapters 2 and 5).
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CHAPTER 5
ARCHAEOLOGY AND GEOARCHAEOLOGY OF THE PAMPA DE LAS
SALINAS
5.1. Introduction
The more than 20 Preceramic sites in a currently hyperarid and hypersaline 
environment, as well as the presence of a paleo-shoreline and a dry embayment, are clear 
indicators that important environmental and landscape transformations transpired in the 
Pampa de las Salinas. This chapter presents information about the geomorphologic and 
cultural characteristics of Pampa de las Salinas, yielded by geoarchaeological 
explorations in the pampa area and the paleo-embayment. This work was carried out 
intermittently, from December 2012 to July 2014. The objective of these explorations 
was to understand the Preceramic occupation of Pampa de la Salinas in relation to the 
natural milieu and its transformation over time. That is, to study the cultural chronology 
and characteristics of the Preceramic occupation of Pampa de las Salinas and how the 
local landscape and environment(s) could have influenced these human activities.
Pampa de las Salinas is a relatively flat area surrounded by Andean foothills to the 
east and south, the Chao River mouth to the north, and the Pacific Ocean to the west (see 
Chapter 2). Pampa de las Salinas can be divided into the pampa area and the dry 
embayment, which are the major geomorphological features of the area. The pampa is a 
higher, relatively flat surface that is located to the east of the paleo-embayment (Figure 
5.1). The paleo-embayment is bounded by a paleoshoreline to the east, occupies most of
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the surface of Pampa de las Salinas (center and west), and is an area of lower elevation 
with respect to the pampa (Figures 5.1 and 5.2).
The geoarchaeological explorations were carried out separately in the pampa and 
the paleo-embayment. Both explorations required different methodologies to address the 
differing objectives in each area. The explorations of the pampa were mainly surficial 
observations of the archaeological and geomorphological features. These explorations 
covered mostly the south and central sections of the pampa from the site of Conchal 
Viejo to the site of Salinas de Chao. The west slopes of Cerros Coscomba, where there 
are archaeological sites and features, were not included in these explorations. The study 
of the pampa was complemented with aerial photos that were used to create preliminary 
maps of some sites (Los Pescadores, Piedras Negras A, Piedras Negras B, and La Aldea) 
and features (windbreaks).
The explorations of the paleo-embayment were both surficial surveys and 
stratigraphic observations through test pits excavated across the dry embayment. This 
work was directed to obtain information to reconstruct the Preceramic environment, its 
chronology, and the processes involved in its transformation toward its current state. 
Because of the complexity of this task, this study was intended to be a first approximation 
to understand the history of the paleo-embayment and to help plan future work. Although 
the results of these explorations are preliminary, the information obtained is very 
illustrative and represents a valuable addition to previous efforts to reconstruct the 
chronology and paleo-environment of Pampa de las Salinas during the Preceramic Period 
(see Chapter 9).
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The following sections detail the methodology, limitations, and outcomes of the
study carried out in Pampa de las Salinas. The information in this chapter is 
complemented with information presented in Chapters 6 and 9.
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UTM Zone 17S 
Escale 1:2000
Figure 5.1. Satellite photo of Pampa de las Salina indicating the two main 
geomorphological features of the zone: the paleo-embayment and the pampa area 



























Figure 5.2. View of the dry ancient embayment of Pampa de las Salinas from the top of the mound of Los Morteros (east). The Pacific 
Ocean is in the background. On the left are the Cerros Salinas and on the right are parts of the Cerros Jaime (Photo: Cecilia Mauricio).
5.2. The Paleo-embayment of Pampa de las Salinas
5.2.1. Geoarchaeological Survey
The survey of the paleo-embayment included most of this component of Pampa 
de las Salinas, except the areas covered by dense and extensive field dunes in the 
northwest and north central portions of the embayment (Figure 5.3). This survey 
characterized the complexity of the dry embayment through the identification of its 
geomorphological and cultural features, all of which allow a better understanding of the 
processes of transformation of the paleo-embayment from a marine setting to its present, 
hyperarid state. The geoarchaeological survey consisted of exploring most of the area of 
the dry embayment on foot and recording geomorphological and cultural features of the 
zone through digital photos, UTM coordinates, drawings, and descriptions.
Figure 5.3. Area of the paleo-embayment that was examined during the 
geoarchaeological explorations of the Los Morteros-Pampa de las Salinas Archaeological 
Project between 2012 and 2014 (Photo: Google Earth).
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5.2.1.1. Microenvironments and Geomorphological Features
The survey of the paleo-embayment allowed the identification of several 
microenvironments and geomorphological features that characterize different sectors of 
this landform.
A. Dune Fields
Large barchanoid dunes occupy extensive sections of the paleo-embayment. Some 
of these dunes are over 10 m height and form longitudinal and climbing dune fields that 
cross the area from southwest to northeast. Four dune fields can be identified. The first 
field is just west of the paleo-shoreline. It is narrow on the south and broader to the north, 
where it occupies the west slopes of the Cerros Jaime. It is approximately 4 km in length 
(Figures 5.4 and 5.5). The second dune field is the largest. It is approximately 6 km in 
length and crosses the center of the embayment from Cerros Salinas to Cerros Jaime.
This dune field has the highest dunes (Figure 5.4). The third dune field has a length of ~3 
km and occupies part of the west slope of Cerros Jaime. This field covers part of a 
wetland area located in the foothills (Figure 5.4 and 5.6). The fourth field, on the 
westernmost section of the embayment, has the largest areal extent of all the dune fields, 
although its dunes are relatively lower (height) than in other examples (Figures 5.4 and 
5.7). This field is closest to the ocean and decreases in height towards the northwest, 
where salt grass vegetation is more abundant.
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Pampa de las Salinas 
Paleo-embayment
Figure 5.4. Dune fields in the paleo-embayment of Pampa de las Salinas (DigitalGlobe, 
2010. WorldView-1 satellite image, Catalog ID 102001000F13D000, acquisition date 
2010/10/30).
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Figure 5.5. View from east to west of the first dune field of the paleo-embayment.
Figure 5.6. View of the third dune field from east to west.
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Figure 5.7. View of the fourth dune field of the dry embayment of Pampa de las Salinas. 
B. Wetland Area
Explorations on the northwest side of the paleo-embayment recorded the remains 
of a wetland, approximately 600 m by 600 m in extent, and located close to the foothills 
of Cerros Jaime. This vegetated area is surrounded by and almost covered by big dunes 
and low eolian sand sheets (Figure 5.8). When we visited this wetland in November 
2012, it had at least four different kinds of vegetation. Saltgrass (Distichlis spicata) and 
carrizo (Arundo donax) occupied the modern surface (Figures 5.9 and 5.10). 
Stratigraphic excavations of this wetland showed soil development on a sandy substrate 
rich in organic content. Remains of sapote (Capparis scabrida) and algarrobo (Prosopis 
sp.) trees were found on the dunes that surrounding the wetland. However, most of these
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trees had been cut and burnt by local people to obtain firewood and charcoal. The 
surviving patch of Prosopis vegetation was located in the upper area over the highest 
dunes close to Cerros Jaime (Figures 5.11 and 5.12). There were also pieces of marine 
shells scattered on the surface of the east side of the wetland, probably from eroded 
archaeological sites.
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Figure 5.8. Location of the wetland area on the northwest side of the paleo-embayment 
(shaded green area) (DigitalGlobe, 2010. WorldView-1 satellite image, Catalog ID 
102001000F13D000, acquisition date 2010/10/30).
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Pampa de las Salinas 
Paleo-embayment
Figure 5.9. A patch of carrizo (Arundo donax) plants in the wetland of Pampa de las 
Salinas.
Figure 5.10. Saltgrass vegetation (left) next to the carrizo plants (right).
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Figure 5.11. Dead sapote vegetation on the dunes around the wetland area.




To the west and southwest of the wetland area there are remains of dead 
vegetation in the form of dry trees, dry roots, and dry leaves that are embedded in low 
elevation sand deposits (Figure 5.13). Surficial examination of these remains and 
associated stratigraphic deposits that included dead vegetation, it appears that there were 
different periods of vegetation growth through time. It appears that vegetation developed 
during humid periods, and was buried by periods of eolian sand accumulation during dry 
times. However, at the current stage of this research, it is not possible to know how long 
these cycles were, or in the length of time these deposits represent. It is highly possible 
that larger dunes, located close to the wetland area, could contain valuable information 
about these alternating wet and dry cycles, possibly representing El Nino activity.
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Figure 5.13. Remains of dead vegetation found in the northeast section of the paleo- 
embayment of Pampa de las Salinas; a: remains of roots in a dune profile; b and c: 
deposits of packed dead leaves and roots over small dune surfaces; d: close view of the 
dead leaf packs.
D. Saltgrass Areas
There are large areas of saltgrass vegetation (Distichlis spicata) in the paleo- 
embayment of Pampa de las Salinas (Figure 5.14). The saltgrass grows on the sandy and 
salty substrate, and covers most of the central and the northeast sectors of the dry 
embayment (close to Cerros Jaime and around the wetland area), in areas free of dunes 
(Figure 5.15). The location of these saltgrass areas corresponds to places where the water
68
table is higher (between 0.6 to 0.5 m) than in the rest of the embayment (see section 
5.2.2).
Figure 5.14. Saltgrass vegetation at the paleo-embayment of Pampa de las Salinas; a: root 
with coarse salt crystals; b: saltgrass over the northeast sector; c: saltgrass over the central 
sector of the dry embayment.
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Pampa de las Salinas 
Paleo-embayment
Figure 5.15. Saltgrass areas recorded during the gearchaeological explorations of the 
paleo-embayment on the central and northeast sectors (DigitalGlobe, 2010. WorldView-1 
satellite image, Catalog ID 102001000F13D000, acquisition date 2010/10/30).
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E. Dune Erosion and Migration
Dunes of the paleo-embayment are in constant movement from southwest to 
northeast. This migration process leaves behind portions of dunes shaped by wind erosion 
parallel to the prevailing winds (yardangs). Since the wind moves dunes towards the 
northeast, these dune remains are located mostly on the southwest side and parts of the 
central section of the dry embayment. The erosion of these dunes exhibits the coastal 
wind pattern (SW-NE) (Figure 5.16). It is possible that part of the erosion of these 
deposits was driven by water (high tides), however, the current aspect seems to 
correspond mostly to the wind pattern.




Although this is neither an environment nor a geomorphologic feature, the 
presence of driftwood on the floor of the paleo-embayment is evidence of the processes 
that shaped the landscape. In this particular case, driftwood is evidence of high tides or 
tsunamis that deposit debris over certain sectors of the dry embayment. Drift wood is 
mostly found over the south end of the embayment and as part of the beach ridges 
recorded close to the coast (see below) (Figures 5.17). The wood debris is brought into 
the area from the valleys to the south by river flow and ocean currents.
Figure 5.17. Different examples of drift wood found over the southern section of the 
paleo-embayment of Pampa de las Salinas.
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G. The Salina
A salt flat, or salina area, exploited by the Peruvian government and local people 
until the early 1970’s (Cardenas 1999), is located in the south central section of the paleo- 
embayment (Figure 5.15). The current extension of this salina is approximately 400 m by 
400 m. This area contains the remains of the structures employed for the exploitation of 
salt. Surficial salt deposits are more abundant and thicker over this part of the paleo- 
embayment (the south end; see section 5.2.2), although much of the current surface of 
this dry embayment is covered by a salt crust of varying thicknesses and consolidation 
states.
H. Beach Ridges
Our explorations on the southwest end of the paleo-embayment recorded the 
presence of two beach ridges (BR1 and BR2) formed by mainly accumulation of sand, 
pebbles, and driftwood (Figures 5.18 to 5.20). These ridges have an elevation of 
approximately 1 m. BR2 was narrower than BR1, which is several meters in width, since 
apparently part of this ridge (BR1) was recorded in Pit 17 of the South Transect (see 
below, section on stratigraphic explorations). However, most of the very south end of the 
embayment is largely paved by pebbles and driftwood (Figure 5.21). It is possible that 
there is a third ridge located west of BR2, closer to the ocean.
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Figure 5.18. Beach ridges (blue lines on the southwest end, BR1 and BR2) recorded at 
the paleo-embayment of Pampa de las Salinas (DigitalGlobe, 2010. WorldView-1 





































Figure 5.19. Beach ridge 1 (BR1), on the southwest end of the paleo-embayment; a: 
person on top of BR1, drift wood accumulated on the west side of the ridge; b: view of 
the surface of BR1 composed of sand, pebbles, and wood; c: panoramic view of the 
southern part of BR1, from west to east.
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Figure 5.20. Beach ridge 2 (BR2) located on the southwest end of the paleo-embayment; 
a: abundant pieces of wood that compose this ridge; b: view of the wood and pebbles that 
compose the ridge; c: panoramic view from west to east of the south part of BR2 from 
west to east.
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Figure 5.21. View of the southwest end of the embayment, close to the modern beach. 
5.2.I.2. New Archeological Sites
Three new archaeological sites not previously recorded for the area were found 
during the explorations of the north central section of the paleoembayment, behind the 2nd 
dune field. All three are Mesodesma shell middens, containing visible remains of hearths, 
ash, and charcoal. The content of these middens is very similar to that of the Conchal 
Viejo site (situated at the southwest end of the paleo-embayment (Figure 5.22), and to 
other shell middens recorded at the bottom of the south bank of the Chao River (see 
section 5.4 below). The record of these sites only includes surficial exploration and 
description, no excavations or recovery of surficial materials was done at any of these 
sites.No ceramic sherds were visible on the surface of any of these sites. The names
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(Memejo 1-3) given to these sites correspond to the initials of the team that helped with 
the discovery and record.
[MEMEJO
iM E M E jq
New Shell Middens Recorded at the Paleoembayment of Pampa de las Salinas
MEMEJO
Morteros
Figure 5.22. NewMesodesma shell middens (MEMEJO 1, 2, and 3) recorded in the north 
section of the paleoembayment during the 2012 season. Yellow pins indicate the location 
of the middens based on UTM coordinates (Photo: Google Earth).
A. MEMEJO 1
This site is a composed of a large Mesodesma midden of about 50 m by 50 m, and 
between 1 to 2 m height, with remains of smaller shell middens around the larger one 
(Figure 5.23 to 5.26). The proximity of these middens to each other indicates that all were 
part of one site or originally part of one larger, coherent midden. Saltgrass vegetation and 
vegetated dunes surround the zone. All of these middens are apparently composed only of 
Mesodesma shells, charcoal, and ash. None of these middens has visible ceramic remains.
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From the surficial examination of the middens, the shell content is mixed with 
dark brown, fine-grained sand; however, it was not possible to determine how much of 
the middens is shell and how much is sand.
Figure 5.23. View from east to west of the largest shell midden of the site MEMEJO 1.
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Figure 5.24. Archaeologist Elizabeth Olson recording coordinates and other details of site 
MEMEJO 1.
Figure 5.25. Burning or hearth areas (dark spots) on the main shell midden of the site 
MEMEJO 1 (marker arrow in this and other photos is 20 cm long).
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Figure 5.26. A hearth with charcoal and ash on the surface of the main midden of 
MEMEJO 1.
B. MEMEJO 2
This site is located ~300 m northwest of MEMEJO 1. It is a small shell midden of 
approximately 20 m (N-S) by 10 m (E-W) and about 1 m height (Figure 5.27). This 
midden also seems to be composed exclusively of Mesodesma shells. There are abundant 
remains of charcoal and ash over the whole surface of the mound (Figures 5.28 and 5.29).
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Figure 5.27. View from south to north of theMesodesma midden of the site MEMEJO 2.
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Figure 5.28. The content of shell midden MEMEJO 2 composed ofMesodesma shells, 
pieces of charcoal, and ash.
Figure 5.29. Stone hearth on the surface of the shell midden MEMEJO 2.
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C. MEMEJO 3
This site is located ~90 m west of MEMEJO 2. It is composed of two small shell 
middens of about 5 m by 5 m in area and less than 1 m height (Figures 5.30 and 5.31). 
The composition is similar to the two previous sites. These small mounds contain 
abundantMesodesma shells and pieces of charcoal. Over this area the saltgrass 
vegetation is more abundant and the sandy substrate is more visible than in the other sites 
(Figure 5.32).
Figure 5.30. View from south to north of the shell middens at the site MEMEJO 3.
84
Figure 5.31. View from south to north of one of the shell middens at the site MEMEJO 3.
Figure 5.32. Detail of the composition of one of the middens at MEMEJO 3. All shells at 
the surface seem to beMesodesma; there are abundant small pieces of charcoal.
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5.2.2. Stratigraphic Explorations of the Paleo-embayment
The stratigraphic explorations of the paleo-embayment were conducted as a first 
attempt to understand the processes involved in the physical transformation of this 
embayment from a marine embayment to a hyperarid salina. This transformation 
processes seem to have been intimately related to the human occupation of the Pampa de 
las Salinas during the Preceramic Period.
5.2.2.1. Methodology and Limitations of the Study
The methodology employed for the exploration of the stratigraphy of the paleo- 
embayment consisted of three transects of stratigraphic test pits located in the north, 
central, and south sections of the embayment. In each of these transects, the stratigraphy 
was explored through a series of small, hand-excavated test pits (0.8 m by 0.8 m). 
Excavation along each transect progressed from east to west, with 200 m of separation 
from one another, when possible. These pits were excavated until reaching the water 
table, which in this part of Pampa de las Salinas is found between approximately 0.5 m to 
1.1 m. The location of all pits in each transect were recorded using UTM coordinates and 
descriptions of the exposed stratigraphy though notes, photos, and Munsell colors. 
Elevations above sea level for every pit were obtained using Google Earth in absence of a 
more accurate technique. Pits were excavated and recorded from east to west with a given 
ordinal number (1, 2, 3, etc.), while transects were assigned cardinal references (north, 
central, and south).
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The interpretation of the stratigraphy and the environments of deposition of the 
sediments recorded in the cross section profiles are limited by the fact that no laboratory 
analyses were carried out on these sediments. No micromorphology, chemical 
composition, or textural analyses were performed. Also, all sediments recorded are those 
located above the current level of the water table, providing a limited view of the 
stratigraphy. As noted above, this exploration of the stratigraphy of the embayment 
constitutes a first step in the study of this very complex area. This exploration is intended 
to be the foundation for future research based on the data and interpretations presented 
here.
5.2.2.2. Exploratory Transects
The stratigraphic exploration of the paleo-embayment was carried out through the 
investigation of three transects located in three different sections: north transect (TN), 
central transect (TC), and south transect (TS) (Figure 5.33). The following sections 
present a summary of the 46 test pits excavated, descriptions and photographs of all test 
pits can be found in Appendix A.
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Figure 5.33. Transect of stratigraphic exploration of the paleo-embayment of Pampa de 
las Salinas. Pins indicate the location of test pits excavated in each transect according to 
their UTM coordinates (Photo: Google Earth).
A. The North Transect
This transect was located in the north section of the embayment. The North 
Transect was explored using nine test pits that covered an extent of approximately 2.3 km 
(from Pit 01 on the east to Pit 9 on the west) (Figure 5.33). All pits were excavated to the 
water table level. In the North Transect the water table was found at around 1 m depth on 
the east side of the transect, around 0.7 m depth in the central part, and around 0.5 m 
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Figure 5.34. Cross section of the North Transect indicating excavated pits, ground level, and water table.
B. The Central Transect
This transect was explored using of 17 test pits covering a total distance of 3.35 
km from east to west (Pit 01 to Pit 17) (Figure 5.33). In the Central Transect the water 
table was recorded at around 0.8 m at the east side, at 0.55 m on the central area, and 
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Figure 5.35. Profile of the Central Transect indicating excavated pits, the ground level, and the water table. Discontinued lines indicate 
that no water table was reached.
C. The South Transect
The South Transect was of approximately 3.75 km length. Twenty test pits were 
opened from east to west (Pit 01 to Pit 20). The east side of this transect has a ground 
elevation between 4 to 2 masl and the water table is found at around 0.8 m deep; the 
ground elevation at the central part of this transect varies between 4 to 2 masl and the 
water table was found at around 0.65 m deep. The west side of the transect has a ground 
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Figure 5.36. Profile of the South Transect indicating excavated test pits, the ground level, and the water table.
5.2.2.3. Sediments and Stratigraphy of the Paleo-embayment
The stratigraphy of the paleo-embayment was analyzed using the information 
from the exploration transects. The stratigraphy of every pit was recorded through 
descriptions, photos, and drawings. Cross-section profiles of each transect were 
constructed using stratigraphic information from representative stratigraphic profiles. Pits 
01, 02, 04, 06, and 09 were used for the North Transect (2.3 km length). Pits 01, 02, 05, 
09, 13, 16, and 17 were used for the Central Transect (3.35 km length). Pits 01, 02, 04,
07, 13, 17, 18, and 20 were used for the South Transect (3.75 km length).
A. Stratigraphic Facies of the Paleo-embayment
The stratigraphy recorded in all test pits excavated in the paleo-embayment can be 
divided into eight sedimentary facies representing specific depositional environments. 
These facies are used to describe the pits and interpret the potential deposition 
environment at each location within the paleo-embayment (Leeder 1982; Nichols 2009). 











Poorly sorted, angular, clast-supported and matrix-supported. Clast size from  3 cm  to 15 cm. 
Clay to sandy clay matrix.*
Sand: coarse to fine sand. F ining upward sequence. 30 cm  to 40 cm  each sequence. **
Sand: m edium  to fine sand. M assive. 50 cm  **
Clay/silt: clay silt layer o f  3 cm  to 9 cm  thick. M assive.
Salt layers: 1 cm  to 5 cm  thick, sem i com pact to com pact. N o  distinct bedding.
Fine sand: w ell sorted fine-grained sand. M assive. 30 cm  to 110 cm.
Salt and sand: salt crystals and grains, 0.5 m m  diameter. M ixed  w ith  m edium  coarse sand. L oose  
texture. 3 cm  to 40 cm.
Rounded pebbles and cobbles. Fine sand matrix-supported. 3 cm  to 65 cm.
Description
Table 5.1. Sedimentary facies of the paleo-embayment of Pampa de las Salinas. * Only 
found in Test Pit 01 of the Central Transect. ** Only found in Test Pits 02 of Central 
Transect.
B. Stratigraphy of the North Transect
The stratigraphy of the North Transect can be summarized using pits in Figures 
5.37a and 5.37b. The North Transect was oriented east to west and illustrates ~2300 m of 
the stratigraphy of the north section of the paleo-embayment. The stratigraphy exposed in 
the pits is mostly composed of Facies 6, 5, and 7 of different thickness (Table 5.1; Figure 
5.37). That is, the stratigraphy is composed of layers of well sorted, fine-grained sand 
with massive bedding overlaid by semi-consolidated salt crusts and mixed sand-and-salt 
deposits. A single layer of sandy clay (Facies 4) was recorded in Pit 02 and 04, at 200 m 
and 850 m from Pit 01, which was approximately at 150 m from the paleo-shoreline 
escarpment (Figures 5.33 and 5.34). Pit 09 was the west end of the transect and it was 
located more or less in the central part of the paleo-embayment where the ground water 
table elevation is higher and saltgrass vegetation is common.
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Figure 5.37. Pits with representative stratigraphy of the North Transect. Numbers indicate sedimentary facies described in Table 5.1. 
P=Pits. Locations and elevation of test pits in North Transect can be seen in Figures 5.33 and 5.34.
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Figure 5.37. Continued. Numbers indicate sedimentary facies described in Table 5.1. P=Pits. Locations and elevation of test pits in 
North Transect can be seen in Figures 5.33 and 5.34.
C. Stratigraphy of the Central Transect
The Central Transect explored ~3350 m of the central section of the paleo- 
embayment through 17 test pits (Figure 5.33). Test Pits 01, 02, 05, 09, 13, 16, and 17 
were used here to describe the general stratigraphy of this transect. Three facies 
encountered in the easternmost portion of the transect are associated with alluvial fan 
deposition, Facies 1, 2, and 3 (Figure 5.38). Facies 1, composed of poorly sorted clasts 
(3-15 cm in diameter) in clast-supported and matrix (clay and fine sand supported) 
deposits. Facies 2 is composed of coarse to fine sand in fining upward sequences of 30 to 
40 cm in thickness. Facies 3 is composed of massive deposits of fine to medium sand, 
with an average thickness of 50 cm. Pit 01 (~13 m from the escarpment) contained Facies 
1 (Table 5.1). Test Pit 02, located ~150 m from Pit 01 recorded Facies 1 overlaid by 
Facies 2 and Facies 3. From Pit 03 to Pit 15 deposits are characterized by succession of 
Facies 6 and 7, with very limited salt crusts (Facies 5). Facies 7 decreases in thickness 
from east to west. Pit 16 recorded Facies 8, a deposit of round cobbles and pebbles 
(Facies 8; Table 5.1), 70 cm thick. Pit 17, the westernmost portion of the transect, was 
characterized by Facies 6 and 7.
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Figure 5.38. Pits with representative sedimentary facies of the Central Transect. P=Test Pit. Numbers correspond to facies described in 
Table 5.1. Location and elevation of test pits can be seen in Figures 5.33 and 5.35.
100
Figure 5.38. Continued. P=Test Pit. Numbers correspond to facies described in Table 5.1. Location and elevation of test pits can be 
seen in Figures 5.33 and 5.35.
D. Stratigraphy of the South Transect
The South Transect explored a ~3750 m long section of the paleo-embayment 
through 20 test pits (Figure 5.33). As in the case of the Central Transect, the stratigraphy 
of this section of the paleo-embayment is characterized mostly by succession of Facies 6, 
5, and 7. However, the South Transect has more developed sequences of these facies. Pit 
01 (~40 m west of the mound Los Morteros; Figures 5.33 and 5.36) recorded a sandy clay 
layer identified as Facies 4, similar to the layers recorded in Pits 02 and 04 of the North 
Transect. This was the only deposit of Facies 4 found along this transect. Pits 02 and 03 
have a sequence of Facies 6 and 7. This sequence continues until Pit 07, but Pits 04 and 
07 have more developed sequences of these facies including Facies 5 between 6 and 7 
(Figure 5.39). This is, a stratigraphic sequence of Facies 6+5+7 followed by similar 
sequences of these three facies. The stratigraphy recorded in Pits 08 to 10 has thinner 
deposits of Facies 6, 5, and 7. From Pits 11 to 16 the recorded stratigraphy consists of 
deposits mostly of Facies 6 overlaid by a ~2 to 15 cm Facies 7 (Figure 5.39). Pits 17 and 
18 have a stratigraphy composed of a very homogeneous and thick (~60 to 110 cm)
Facies 6 overlaid by a ~10 to 20 cm layer of cobbles and pebbles that compose Facies 8 
(Figure 5.39b). Stratigraphy at Pits 19 and 20 consisted only of very homogeneous Facies 
6 deposits (~70 to 85 cm).
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Figure 5.39. Pits with representative stratigraphy of the South Transect. P=Test Pit. Numbers correspond to facies described in Table 
5.1. Location and elevation of test pits can be seen in Figures 5.33 and 5.36.
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Figure 5.39. Continued. P=Test Pit. Numbers correspond to facies described in Table 5.1. Location and elevation of test pits can be 
seen in Figures 5.33 and 5.36.
5.2.2.4. Preliminary Interpretations
The stratigraphy exposed along the three transects of has been divided into eight 
sedimentary facies which have been liked to preliminary environmental interpretations 
(Table 5.2). These assignments to a particular environment are viewed as preliminary in 
that the hand excavations used in this study could only uncover the upper portion of what 
is likely a much deeper stratigraphic section.
Facies Description Tentative EnvironmentalInterpretation
Poorly sorted, angular, clast-supported and matrix- A lluvial fan material associated with
1 supported. Clast size from  3 cm  to 15 cm. Clay to 
sandy clay matrix.
E l N ino created deposits.
W aterlain sedim ents, w ith  each  fining
2
Sand: coarse to fine sand. F ining upward sequence 
o f  30 cm  to 40 cm  each sequence.
upward sequence recording an 
individual occurrence o f  flood ing or 
pulse o f  sedim ent. M ay represent one 
or more El N ino events.
3 Sand: m edium  to fine sand. M assive.
E olian  deposits or rapid deposition  o f  
sand in water
4
Clay/silt: clay silt layer o f  3 cm  to 9 cm  thick. 
M assive.
D eposition  o f  the fine fraction o f  El 
N ino generated flooding. L ocation  
im plies standing, quiet water.
5
Salt layers: 1 cm  to 5 cm  thick, sem i com pact to Salt layers created by the evaporation
compact. N o distinct bedding. o f  water from  an enclosed  basin.
6 Fine sand: w ell sorted fine-grained sand. M assive E olian  deposits
E olian  sedim ents w ith  interstitial salt
Salt and sand: salt crystals and grains, 0.5 mm crystals form ed by variations in  the
7 diameter. M ixed w ith  m edium  coarse sand. L oose water table, potentially linked to
texture. higher groundwater tables caused by  
E l N ino.
8
Rounded pebbles and cobbles. Fine sand matrix- 
supported. 3 cm  to >65 cm.
River-derived sedim ent m oved by  
longshore drift and deposited in  beach  
ridges.
Table 5.2: Sedimentary facies identified previously with preliminary environmental 
interpretations.
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Facies 1 to 3 correspond to alluvial fan deposits, and are only recorded in Pits 01 
and 02 of the Central Transect (Figure 5.33). Facies 1 is composed of poorly sorted, 
angular clasts in a matrix or clast supported deposit. This deposit represents course 
material carried by streams sourced in the mountains to the east. The surface of the 
Pampa is formed of a series of coalescing alluvial fans. The presence of these deposits 
along much of the paleoshoreline is implied from the Pampa surface topography. In the 
remaining two transects, it is suggested that alluvial fan or associated channel deposits 
were masked by more recent eolian sand. Facies 2 is composed of coarse to fine sand in 
fining upward sequences of 30 to 40 cm in thickness and represent individual pulses of 
sediment. These deposits were closely associated with Facies 1, and represent the 
deposition of finer alluvial fan deposition material, and may represent the distal portion 
of alluvial fan deposition into standing water. Facies 3 is a massive deposit of fine to 
medium sand. This deposit may be eolian in nature, or may represent rapid deposition in 
water.
Facies 4 is a sandy clay layer, ranging in thickness for 3cm to 9 cm. It is found in 
the North Transect and South Transect, between 40 to 900 m from the paleo-shoreline 
(Figure 5.33), at depths between 5 and 70 cm from the ground surface. It is interpreted to 
represent deposition in quiet water, some distance from the original sediment source.
Facies 5, 6, and 7 are found in all transects and throughout all the cross-section
profiles. Facies 5 is composed of compact to semi-compact salt layers ranging in
thickness from 1-5 cm. This stratum represents evaporation of salt from standing water
in an enclosed basin. The most likely source of salty water is open ocean water
contributed to inshore basins by high tides, although salt layers interbedded with alluvial
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fan deposits have been noted also in the profile of escarpment along the paleo-shoreline. 
Stream erosion of such a layer could contribute salt to a nearshore basin following a rain 
event. Facies 6 is composed of fine-grained, massive sand layers, up to 110 cm in 
thickness. This facies is interpreted as an eolian deposit, although no cross bedding was 
observed. Facies 7 is a mixture of medium sand with salt grains and crystals up to 
0.5mm in diameter. The stratum has a loose texture, and ranges between 3 cm to 40 cm 
in thickness. The genesis of Facies 7 is seen as eolian sand that experienced rising and 
falling water tables in response to changes in precipitation, perhaps El Nino events. As 
the water table lowered, evaporation associated with the arid conditions of the area 
caused salt crystals to form between individual sand grains, creating a loose texture. 
Well-developed sequences of Facies 6, 5, and 7 (in that order) have been identified in all 
transects between 700 and 1300 m from the paleo-shoreline (center of the embayment).
Facies 8 corresponds to beach ridge deposits recorded only at the west ends of the 
Central and South Transects (Figure 5.33). The size of the clasts and their rounded nature 
are similar to other beach ridges on the Peruvian North coast (Rollins et al. 1986; 
Sandweiss 1986; Wells 1996; Rogers at el. 2004).
Since the excavations are limited to the upper 2 m or less of the paleo-embayment 
stratigraphy, it is difficult to develop a complete sequence for the formation and filling of 
the embayment. The upper portion, however, indicates a history largely dominated by 
eolian deposition, but with evidence of sediment deposition and salt formation in closed 
basins and oscillating ground water levels.
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Facies 1, 2, and 3 represent an alluvial fan deposit at the edge of the 
paleoembayment. Coalescing alluvial fans create the surface of the Pampas to the east of 
the paleoshoreline. Although unexplored, it appears that the shoreline is cut into these 
deposits along much of the rim of the paleoembayment. The alluvial fan deposits exposed 
in easternmost portion of the Central Transect may be related to these deposits. The 
fining upward sequences of Facies 2 may represent finer grained alluvial fan deposits that 
were washed into sanding water in the paleoembayment. Facies 3, while associated 
stratigraphically with facies 1 and 2 may be alluvial or eolian in nature.
Facies 4 (the sandy clay layer) is associated with fine-grained deposition in 
standing water. This stratum may have formed from the fine sediments washed from 
alluvial deposits into standing water, or may indicate intertidal mud flats developed 
closer to the paleo-shoreline. Olson (2012) hypothesizes the presence of mudflats in 
Pampa de las Salinas based on the clay deposits (recorded in one of her trenches, some 
meters west of Los Morteros) and warm-adapted mollusk species found at the El Muerto 
site (Cardenas and Vivar 2002). Olson states that these species could have grown locally, 
in the mudflats.
West of these mud flat deposits, sequences of Facies 6, 5, and 7 could indicate
shallow-water deposits with regimes dominated by tides. The presence of Facies 5
suggests the presence of shallow, closed basins, and supports this interpretation for Facies
4. The combination of flooding by high tides, followed by hyperarid conditions with high
rates of evaporation and precipitation of evaporite minerals produced the salt layers of
Facies 5 (Leeder 1982; Nichols 2009). Facies 6, massive fine sand, is interpreted to be
eolian, and could be emplaced by the movement of dune fields across the area. The
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presence of mixed salt and sand in Facies 7 suggests salt-water saturation of eolian 
sediments (by salt laden groundwater or high tides) followed by drying that promoted the 
formation of interstitial salt grains and crystals. Repeated sequences of Facies 6, 5, and 7 
seen in the transects could indicate several episodes of lagoonal environment formation, 
but may also represent ponding of water between extensive dune fields.
The formation of these environments would require the presence of a coastal 
barrier, beach ridges, or a series of well-developed dune fields that partially isolated the 
inland deposits from the ocean. Sediment may have been sourced from eolian transport or 
longshore current along the coast. An increase in the sediment supply deposited along the 
coast of Peru has been related to the onset of modern condition of El Nino events after 
5800 cal. yrs. BP (Rollins et al. 1986; Reitz and Sandweiss 2001; Sandweiss 1986, 1996; 
Sandweiss et al. 1996, 1998, 2001), which would also has episodically increased river 
flow and the water table levels, suitable conditions for the formation of coastal wetlands 
and lagoons.
Olson (20120 proposes formation of a tidal flat, with a first phase of progradation 
that started around 4100 cal. yrs. BP (Olson 2012: 130; see here Chapter 9). However, the 
context where these warm species were found at El Muerto yielded two dates of 6529­
6183 cal. yrs. BP and 6270-5602 (Cardenas 1978-79, 1999; see Chapter 9). One of the 
three warm-water species from El Muerto (Cerithides mazatlanica) was also reported 
from the Ostra Base Camp in the Santa embayment (Reitz and Sandweiss 2001), which 
has calibrated dates between 7567-5939 yrs. BP. Therefore, if the tropical species from El 
Muerto were growing at a mudflat formed at Pampa de las Salinas, that would have
happened around the dates assigned to that site.
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Perrier et al. (1994) identify two beach ridges, one of which (the easternmost) 
yielded one date of 5974-5266 cal. yrs. BP and a modern date. However, if beach ridge 
(or barrier) sediments came from the Santa River, ridges should have formed at Santa 
prior the formation of similar landforms at Chao, but according the available data the 
oldest preserved Santa beach ridge dates after 5000 yrs. BP. Dating the progradation and 
beach ridge formation processes at Pampa de las Salinas is a complicated matter at the 
current state of the investigation, for more detailed discussion about the chronology of 
these processes see Chapter 9.
The above scenario is only one of several possible explanations for the formation 
process of the paleo-embayment of Pampa de las Salinas. Other potentially important 
factors include tectonic uplift and the complicated relationship of sedimentation and 
changes in levels of the water table and eolian deposits. In fact, at the current state of this 
study it is not possible to differentiate between marine and eolian deposits. Grain size 
analysis done by Olson (2012) was interpreted as evidence of different transport 
mechanisms including fluvial, eolian, mass-wasting, and wave action. This preliminary 
interpretation is intended as a working hypothesis for further analysis and a source of data 
that points out the gaps that need to be filled.
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5.3. The Pampa Area
The pampa area was explored through restricted excavations of selected 
archaeological sites (Conchal Viejo and Los Pescadores, see Chapter 6) and 
geoarchaeological survey. Although the intention was to explore all the pampa area, due 
to time and budget restrictions, only the southern half was explored. This is from the 
Salinas de Chao and La Aldea sites to the south. However, the archaeological sites 
located on the slopes of Cerros Coscomba and Cerros Salinas were not explored. This 
section describes the data obtained in these explorations in terms or archaeological and 
geological features separately, but these explorations were carried out together.
5.3.1. Archaeological Survey
Most of the archaeological sites and features recorded during these explorations 
were reported in several published and unpublished documents by members of the Project 
“Obtencion de una Cronologia delUso de los Recursos Marinos en el Antiguo Peru ” 
(Cardenas 1976, 1999; Alva 1986; Figure 5.40; see also Chapters 3 and 4). In this 
description of the sites I use the same names given by this project to all of the 
archaeological sites reported.
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Figure 5.40. Satellite photo with locations of archaeological sites reported by Cardenas et 
al. (Cardenas1999) at Pampa de las Salinas (DigitalGlobe, 2010. WorldView-1 satellite 
image, Catalog ID 102001000F13D000, acquisition date 2010/10/30).
5.3.1.1. Archaeological sites 
A. Salinas de Chao
The Salinas de Chao site is perhaps the best known archaeological site of the 
Chao Valley in the literature about the Preceramic Period, first reported by Cardenas and 
colleagues. This site is located on the western slopes of the Cerros Coscomba, on the 
northeast side of Pampa de las Salinas. Salinas de Chao encompasses an area of around 
80,000 m and is composed of series of platforms located on the lower slopes of this
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formation. Two sunken circular plazas and large square structures are on the ground 
surface and face the structures on the slopes (Alva 1986) (Figures 5.40 and 5.41). 
Immediately to the north of this site, there is a stone wall that trends from the northwest 
edge of Cerros Coscomba to the southeast edge of Cerros Jaime. This wall seems to have 
served to enclose the main area of Pampa de las Salinas (central and south parts) where 
the majority of the archaeological sites are located.
Figure 5.41. Satellite image of the archaeological site Salinas de Chao, located in the 
northeast section of Pampa de las Salinas (DigitalGlobe, 2010. WorldView-1 satellite 
image, Catalog ID 102001000F13D000, acquisition date 2010/10/30).
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B. La Aldea
La Aldea was also recorded by Cardenas and her team (Cardenas 1976, 1999). It 
is located on the north end of the paleo-shoreline, north of the Piedras Negras and Los 
Morteros sites. La Aldea is apparently composed of one square structure of 
approximately 30 m by 30 m with internal divisions. Alluvial quebradas have eroded the 
north and south side of the pampa leaving this structure/site isolated (Figures 5.40 and 
5.42).
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La Aldea Archaeological Site
Pampa de las Salinas
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Figure 5.42. Aerial photo o f the site La Aldea, located on the northwest edge o f the
paleo-shoreline. This site is composed o f one square stone structure (Photo: Proyecto






























Piedras Negras was originally reported by Cardenas and her team (Cardenas 
1999) and is divided into A and B. However, given the current state of the site, it was not 
possible to recognize this division. Cardenas (1999) also recognized that these sites could 
have been parts of just one site. Piedras Negras is also located along the north section of 
the paleo-shoreline, south of La Aldea and north of Los Morteros (Figure 5.40). The 
approximate extension of the site is 200 m (N-S) by 100 m (E-W), based on the 
distribution of the structures. The architecture of the site consisted of square stone 
structures of different dimensions. Walls are composed of angular boulders larger than 20 
cm (Figure 5.43). Alva (1986) mentioned that Deza identified round corners in the 
structures of this site, however our surficial reconnaissance did not identify such features. 
To the east of the square structures are series of semi-circular stone windbreaks, some of 
which were placed over the square rooms, indicating that windbreaks belong to a later 
occupation of the site when the original structures were no longer in use.
The excavations by Cardenas and her team (Cardenas 1999) found Preceramic 
tombs at this site and reported two Preceramic occupations, one without cotton and 
another with cotton remains.
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Piedras Negras Archaeological Site




Figure 5.43. Aerial photo o f the sites Piedras Negras A and B, north o f Los Morteros,
located on the edge o f the paleo-shoreline, central section o f Pampa de las Salinas (Photo:






























This site is located along the south-central section of the paleo-shoreline, south of 
Los Morteros (Figure 5.40). This site was also reported and excavated through test pits by 
Cardenas et al. (Cardenas 1976, 1999). The main architecture at this site is composed of 
small and large, square stone structures laid in an apparently “U”-shaped pattern open to 
the south. However, the west side of this architecture is poorly preserved due to a wide 
runoff channel that crosses the site from southeast to north (Figure 5.44). The east side is 
composed of a large square room or patio with smaller rooms on the southwest corner. 
The north side of this patio is covered by eolian sand. The architecture on the north side 
is composed of a big square room with smaller units attached to the east and west sides. 
There are remains of possible square rooms on the west side, but this part is also covered 
by eolian sand. The layout of these structures leaves a large open space in the center, part 
of which seems have been occupied later by windbreaks.
The square architecture seems to have been the original structures of the site, 
which was later partially occupied by series of stone wind breaks, the majority of which 
were placed to the west of the square structures, although some windbreaks were placed 
to the south and inside the older structures (Figure 5.44). Excavations were carried out in 
one of the small square structures on the east side of Los Pescadores to recover datable 
materials (see Chapters 6 and 9).
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Figure 5.44. Aerial photo o f the site Los Pescadores, located on the southwest side o f the
pampa (Photo: Proyecto Arqueologico Los M orteros-Pampa de las Salinas).
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E. Duna Larga
Reported originally by Cardenas et al. (Cardenas 1976, 1999), this site is located 
on the south end of the paleo-shoreline, south of Los Pescadores (Figure 5.40). Duna 
Larga is composed of windbreaks spread over the east side of a large dune that covers a 
slope of Cerros Salinas. Our explorations of the zone recovered a piece of a colonial 
period bowl (Figure 5.45) close to the large dune.
Figure 5.45. Fragment of a colonial bowl found at the site Duna Larga.
F. La Rinconada
This site is located to the west side of the large dune at the south end of the pampa 
(Figures 5.40 and 5.45). La Rinconada was first reported by Cardenas et al. (Cardenas 
1976, 1999). It is composed of a single square stone structure with internal square spaces 
(Figure 5.47). It is possible that this site and Duna Larga were part of a single larger site, 
since both are partially covered by the large dune.
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Figure 5.46. Large dune on the south end of the paleo-shoreline. This dune covers parts 
of the Duna Larga and La Rinconada sites.
Figure 5.47. View from east to west of the stone structures of the site La Rinconada.
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G. Conchal Viejo
Conchal Viejo is located on the southwest end of Pampa de las Salinas on the 
lower slope of Cerros Jaime (Figures 5.40 and 5.48). The area of this site is 
approximately 100 m by 100 m (Figure 5.49). It is composed almost exclusively of 
Mesodesma middens with some remains of architecture on the west side that could 
correspond to stone platforms likely used to process these clams (Figure 5.50) (see also 
Chapter 6).
Figure 5.48. View of the site Conchal Viejo from the bottom of the Cerros Salinas.
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Figure 5.49. View from west to east of the site Conchal Viejo.
Figure 5.50. Stone walls recorded at the west side of Conchal Viejo.
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5.3.I.2. Archaeological Features
The cultural component of Pampa de las Salinas includes archaeological sites but 
also elements that for the purposes of this study were classified as archaeological 
features. These are roads, windbreaks, and areas preliminarily called geoglyphs.
A. Geoglyphs
Cardenas and her team reported the presence of particular archaeological features 
that they called geoglyphs (Cardenas 1976, 1999). This team identified the presence of 
two areas of geoglyphs. These archaeological features are composed of low-height 
circular piles of stones (Figure 5.51c) enclosed by stone walls forming large square 
rooms of more than 50 m per side (Figure 5.51a). These large rooms have internal rooms 
as well as doorways (Figure 5.51b). One of the geoglyphs reported by Cardenas, Cruz del 
Sur, is located some meters to the east of Los Morteros (Figure 5.52). The second one, 
Las Marcas, is located on the south end of the paleo-shoreline, between the sites of Las 
Marcas and Conchal Viejo. Our explorations, however, have identified the presence of 
three more zones of geoglyphs on the pampa area. One is located to the north of Los 
Morteros and to the west of Salinas de Chao. The other two are located south of Los 
Morteros, close to the paleo-shoreline (Figure 5.53).
None of these zones with geoglyphs have been excavated. Our explorations did 
not identify any remains on the surface of these areas. Cruz del Sur and the most northern 
geoglyph are currently affected by the transit of vehicles and the structures of chicken 
farms. No similar features have been reported in other sections of this valley, nor have
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similarly constructed geoglyphs been found at other archaeological sites on the coast, to 
the knowledge of the author.
Figure 5.51. Las Marcas geoglyph; a: stone wall of the square structures that enclose the 
rock piles; b: doorway or entrance to the geoglyph; c: example of the stone piles inside 
the large square structures.
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Figure 5.52. Satellite photo of the geoglyph Cruz del Sur to the east of the mound of Los 
Morteros.
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Figure 5.53. Zones with geoglyphs identified at Pampa de las Salinas (Photo: Google 
Earth).
B. Windbreaks
These archaeological features can be found forming groups over all the pampa 
area. However, the central and south sections of the pampa have more numerous groups 
of windbreaks (Figure 5.54). The windbreaks are semi-circular walls made of angular 
stones with the open area facing the north (against the wind pattern of the area) (Figure 
5.55). The location of some of these structures over part of the architecture of some sites 
such as Piedras Negras and Los Pescadores indicates that they represent a late phase of 
occupation of Pampa de las Salinas.
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Figure 5.54. A group of windbreaks on the south section of the pampa.
Figure 5.55. Semi-circular wall of a stone windbreak.
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C. Trail
One trail on the south part of the pampa recognized as a line of angular rocks was 
reported by Cardenas (1999). This trail goes from north to south connecting the bottom of 
the Chao Valley with the bottom of the north section of the Santa Valley (the Puerto 
Perdido beach) through a natural path of Cerros Salinas (Figure 5.56).
Figure 5.56. Trail on the south end of Pampa de las Salinas.
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5.3.2. Geomorphology of the Pampa Area
The details about the geomorphological characteristics of the pampa can be found 
in Chapter 2, however for the purpose of this chapter I briefly describe how the 
geomorphology of the pampa affects the cultural features of the area. The surface of the 
pampa is composed of alluvial fan deposits and alluvial channels probably dating from 
the Late Pleistocene to post Mid-Holocene. The archaeological elements (sites and 
features) appear to have been built over Late Pleistocene and Early Holocene alluvial fan 
deposits. The youngest alluvial channels have eroded the archaeological sites and 
archaeological features of the area, probably during the Mid-Holocene and later. To the 
south of the pampa, these channels are filled with eolian sand. The sand cover, however, 
decreases towards the north, with no significant deposits except for the sand cover of Los 
Morteros. Little evidence of sand is found on the northern and northeast sides of the 
pampa.
5.4. Additional Explorations of the Valley Bottom (Right Bank of the Chao River 
Mouth)
In order to identify possible sources of fresh water close to the area of Pampa de 
las Salinas, I explored three areas of the lower Chao Valley. The first is the area located 
on the south bank of the Chao River, to the north of the wetland area of the paleo- 
embayment, crossing the dune fields (Figure 5.57). The second area was located close to 
the river mouth on the north bank of the Chao River. This area was selected because of
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the presence of vegetation (Figure 5.57). The third area that I explored was the beach to 
the north of the river mouth (Figure 5.57).
Figure 5.57. Areas explored north of Pampa de las Salinas at the bottom of the lower 
Chao Valley. Numbers indicate the different areas explored; green shadows represent 
wetland and vegetated areas; yellow shades represent shell middens and archaeological 
deposits; light blue shade represents beach areas.
The first area explored is located across the dunes that occupied the northwest 
section of the paleo-embayment. Based on the geomorphology and the vegetation of the 
area, it seems that this section is the continuation of the northwest side of the dry 
embayment. In this area I found the same kind of carrizo vegetation, small dunes, and 
archaeological remains such as shells and ceramics on some of these dunes deposits 
(Figure 5.58).
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Figure 5.58. Area explored to the northwest of the paleo-embayment of Pampa de las 
Salinas; a and b: Carrizo vegetation across the dune fields of the north section of the 
paleo-embayment; c: archaeological remains on dune deposits leveled by bulldozer; d: 
ceramic sherd found on the archaeological deposits shown in photo c.
The second area I explored was a section of the north side of the valley bottom, 
outside the agricultural area and west to the caserio Laramie, crossing a large dune field 
(Figure 5.57). Previous exploration of this part of the valley using Google Earth showed 
vegetation and water bodies partially covered by sand deposits. Our explorations show 
that this is a large area of well-developed wetlands vegetation composed of woody trees 
such as huarango (Prosopis sp.) and sapote (Caparis scabrida), junco (Scirpus sp.), and 
saltgrass (Distichlis spicata) (Figure 5.59). The water table is high in this area, some
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vegetation lives in completely inundated substrates that form visible small springs 
(Figure 5.59). When I explored this area, I observed several different bird species. 
Livestock was feeding on the grass vegetation on the lower part of this wetland. Another 
important feature of this area was the widespread presence of archaeological shell 
middens on small sand deposits some of which contained visible remains of charcoal, 
ash, adobes, and ceramic sherds (Figure 5.60).
The third area that I explored at the valley bottom , north of Pampa de las Salinas, 
at a sandy beach north and at the river mouth (Figure 5.57). This area has a series of 
coastal dunes of low elevation along the shore, some of which are covered by vegetation. 
A relatively narrow sandy shore extends to the west of these dunes (Figure 5.61). 
Saltgrass vegetation extends to the east of these sand deposits (Figure 5.61). These dunes 
are concentrated in the first ~3km north of the river mouth. Although I did not explore 
the south side of the river mouth, the same landscape seems to characterize that side. 
However, the beach southwest of the paleo-embayment , close to the Cerros Salinas, 
presents abundant round pebbles corresponding to beach ridges (see above sections). 
When I explored the sandy beach on the north side of the river mouth in July 2014, I 
recorded a coastal lagoon formed by high tides. The extension of this lagoon was of 
couple of hundred meters long and wide (Figure 5.61). This lagoon hosted a variety of 
birds at the time of my visit.
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Figure 5.59. Wetland vegetation found in the area explored at the north side of the valley 
bottom.
133
Figure 5.60. Archaeological remains found in the second sector of exploration; a: 
example of the sand deposits that contain archaeological evidence; b: Mesodesma shell 
midden; c: adobe bricks found on one small dune; d: ceramic sherds and marine shells 
found on a sand deposit; e: charcoal pieces and Mesodesma shells on a large dune.
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Figure 5.61. Local beach on the right side of the Chao River mouth; a: river mouth view 
from south to north; b: small-elevation dunes with vegetal cover along the beach; c and d: 
view from west to east of an ephemeral lagoon formed by high tides in July 2014.
5.5. Chapter Conclusions
The geoarchaeological explorations of Pampa de las Salinas in both the paleo- 
embayment and the pampa show that this area has been in constant transformation for 
several thousands of years and it still continuing to change. The evidence seems to
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indicate that Pampa de las Salinas was a very productive and attractive environment that 
hosted preceramic populations for at least 3000 years (see Chapter 9), since the Middle 
Preceramic Period. Mudflat areas, riverine and wetland environments seem to have 
developed at different moments, complementing the very diverse and abundant local 
marine ecosystem.
A comprehensive study of the current environment(s) and geomorphology, along 
with stratigraphic analysis and archaeological studies, have provided information about 
the local prehistory. The geoarchaeological explorations carried out in Pampa de las 
Salinas and around the Chao River mouth have provided valuable information to 
understand the current landscape and the environmental processes that could have 
transpired in this area. The remains of wetlands and saltgrass vegetation in different 
sections of the paleo-embayment and the north bank of the bottom lower valley, along 
with ephemeral coastal lagoons and springs (puquios) that were recorded during our 
explorations, have contributed to reconstructing the possible scenarios in which 
Preceramic people adapted and developed, and how these environments might have 
changed through time. Higher groundwater table levels, perhaps linked to more frequent 
rain episodes, may have broadened the extent of these rich wetland environments and 
provided important resources for the area’s occupants.
The location and characteristics of the archaeological sites and archaeological
features at Pampa de las Salinas and the north side of the bottom valley indicate a
complex and extensive human occupation which included shell middens, windbreaks,
domestic structures, roads, geoglyphs, and monumental buildings. Many of these sites
seem to have been contemporary at different phases of the prehistory of the lower Chao
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Valley. The pattern of distribution and chronology of these sites indicates a close and 
long relationship between people and the local resources, landscape, and environment.
A detailed reconstruction of the local environment and cultural history of Pampa 
de las Salinas is proposed in Chapter 10 where I combined current and local and regional 
past paleo-environmental and paleo-climatic data presented in Chapter 2 with the new 
information presented and discussed in the above section of this chapter.
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CHAPTER 6
METHODOLOGY, ARCHAEOLOGICAL EXCAVATIONS, AND SITE
STRATRIGRAPHY
6.1. Introduction
To fulfill the objectives of this research, a field season was carried out from 
September 2012 to January 2013, which included archaeological excavations, 
geoarchaeological explorations, and archaeological and geological survey. Further field 
work continued at intervals through July 2104.
Archaeological excavations were mainly focused on the mound of Los Morteros 
with the objectives of: 1) uncovering and characterizing possible underlying architecture 
detected through geo-radar explorations in 2006 and 2010; 2) obtaining a stratigraphic 
reconstruction and sequence of occupation of the mound; 3) reconstructing the activities 
carried out at the site; and 4) establishing the economic basis of the inhabitants of Los 
Morteros.
As noted previously, Los Morteros is located on Pampa de las Salinas, which is a 
gently sloping area where more than twenty archaeological sites have been reported, the 
majority of which seem to belong to the Preceramic Period (Cardenas 1976, 1978a,
1999). Within this context, I proposed to study Los Morteros in relation to its prehistoric 
natural and cultural setting. That is, to understand Los Morteros in relation to the rest of 
the sites and natural features that compose the archaeological complex of Pampa de las 
Salinas. With these goals, the field work plan also included excavations of test pits in five
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neighboring sites selected not only for their proximity to Los Morteros, but also because 
previously obtained radiocarbon dates (Cardenas 1999) suggested that these sites could 
have been contemporary with Los Morteros. These sites were La Aldea, Piedras Negras 
A, Los Pescadores, Duna Larga, and Conchal Viejo (Figure 6.1). However, due to time 
and budget limitations, test pit explorations were possible only at Los Pescadores and 
Conchal Viejo. The objectives of this work were understanding the general configuration 
of these sites and obtaining organic materials for new radiocarbon analysis.
To study the natural setting of Pampa de las Salinas, I proposed to carry out 
geoarchaeological explorations of the dry-embayment and the pampa zone. This work 
included excavations of test pits in the embayment which are discussed in detail in 
Chapter 5.
The following sections describe and discuss excavations at Los Morteros,











LOS MORTEROS-PAMPA DE LAS SALINAS ARCHAEOLOGICAL PROJECT Datum WGS-84
ARCHAEOLOGICAL SITES IN TH E PROXIMITY O F LOS M ORTEROS SELEC TED FOR EXCAVATIONS 
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Figure 6.1. Satellite photo of Pampa de las Salinas showing the location of Los Morteros and the five possible contemporary sites 
selected for study (DigitalGlobe, 2010. WorldView-1 satellite image, Catalog ID 102001000F13D000, acquisition date 2010/10/30).
6.2. Methodology
6.2.1. Field Methods
All archaeological excavations were carried out following the same field 
methodology. Every unit was excavated and recorded independently from others in the 
same site in terms of artifact codes, drawing and feature numbers, photographs and field 
forms. Units were excavated by natural and cultural levels; when no cultural evidence or 
distinct natural deposits were found, arbitrary levels of 5, 10 or 20 cm were followed. 
Every exposed surface was called a layer (capa in our field forms), every layer has a 
correlative number from top to bottom.
Finds were recorded, grouped, and stored by the following categories:
Ma = Malacologicos (invertebrates)
Og = Organicos (organic remains: plants, seeds, charcoal, wood, etc.)
Oa = Oseo animal (animal bones)
OH = Oseo humano (human bones other than tombs)
Li = Liticos (lithics)
Mu = Muestra (sample: soil sample, ash sample, etc.)
Tx = Textil (textile)
Ot = Otros (others: beads, pigments)
Fc = Fragmentos de ceramica (fragments of ceramics)
T= Tumbas (human burials)
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Within each category, archaeological finds and samples were recorded with 
consecutive numbers that were independent from other units in the same site. For 
example the code A1-C1-Ma01 stands for Area 1(Unit 1), Capa 1(layer 1),
Malacologicos 01 (Malachological remains, bag 01). In the field, only diagnostic finds 
were kept in plastic bags and labeled.
Deposits removed during excavation were sieved with screens that had double 
meshes of 1.5 mm and 3 mm together, which allowed the recovery of remains as small as 
a cotton seed or an anchovy bone, as well as the remains of bigger species or artifacts. In 
layers in which no primary contexts were found, one third of the sediments per layer were 
sieved. In layers with primary contexts, all sediments were sieved. One liter of sediment 
per excavation layer in each excavated unit was kept for microbotanical analysis.
Finds were recorded in the field using field forms, field notebooks, digital photos, 
and drawings. Drawings were done at a scale of 1/20 for most stratigraphic and 
archaeological layers and architecture, and a scale of 1/5 for tombs. A scale of 1/10 was 
used for special features and profiles.
6.3. Archaeological Excavations
I excavated a total of nine units of varying sizes at three archaeological sites. Six 
of them were excavated at Los Morteros and three were test pits dug at the nearby sites of 
Conchal Viejo and Los Pescadores. Excavations at Los Morteros were square units and 
trenches. All test pits were small units of 2 m by 2 m. Depths were recorded according to 
a local datum that could be one of the corners of the unit or a reference point placed near 
the unit.
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The following table contains a summary of coordinates, dimensions and datum
height of the excavated units.
Site U nit Sector E xtension Easting N orthing D atum
H eight
(m asl)
M ain unit 5 m  x  5 m 753147 9041388 0 7 5 3 1 4 7 E
36.7
Trench 1 E xtension  w est 3 m  x  5 m 753152 9041388 9041388 N
Sector 1 2 m  x  2 m 753096 9041446
Sector 2 2 m  x  1 m 753098 9041446 753102 E
26.9
Sector 3 2 m  x  2 m 753099 9041446 9041444 N
Trench 2 Sector 4 2 m  x  10 m 753099 9041444
Sector 1 4 m  x  4 m 753123 9041370
Sector 2 4 m  x  3 m 753127 9041370
7 5 3 1 2 7 E
Los M orteros
Sector 3 4 m  x  4 m 753119 9041370
9041370 N
37.7
Sector 4 4 m  x  5 m 753119 9041375
A rea 1 Sector 5 4 m  x  5 m 753115 9041373
Sector 1 4 m  x  4 m 753076 9041483
753069 E
Sector 2 4 m  x  4 m 753076 9041487
9041481 N
28.1
A rea 2 Sector 3 6 m  x  8 m 753080 9041487
A rea 3 2 m  x  2 m 753105 9041416
7 5 3 1 0 5 E 
9041414 N
31.1
A rea 4 9 m  x  3 m 753107 9041376








C onchal V iejo
A rea 1 2 m  x  2 m 749156 9040240
7 4 9 1 5 6 E 
9040240 N
27




Table 6.1. Summary of technical information of al 
number of units, extension, coordinates, and datum.
units excavated per site, including
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6.3.1. Excavations at Los Morteros
Excavations at the mound of Los Morteros were carried out from 
September to December 2012. During this time six units (Trench 1, Trench 2, Area 1, 
Area 2, Area 3, and Area 4) were excavated in order to explore northwest, southeast, 
central, and mound top sectors (Figure 6.2). The main objective of these excavations was 
to uncover the architecture detected through GPR explorations carried out in 2006 and 
2010 (Sandweiss et al. 2010), and to expose profiles with stratigraphic sequences of the 
mound.
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Figure 6.2. DEM with the location of the units excavated at Los Morteros during the 
2012 season (This grid refers to survey sector of georadar explorations in 2010).
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To successfully carry out excavations at Los Morteros it was necessary to build 
“windbreaks” to cover all sides of the units except the north in order to prevent erosion of 
profiles and back filling of the units with eolian sand by the strong coastal wind erosion. 
These windbreaks were made of screens sewed to eucalyptus poles 2.5 m long (Figure 
6.3).
Figure 6.3. Examples of the windbreaks built to protect excavations from wind erosion.
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6.3.1.1. Trench 1
Trench 1 was located in the east sector of the mound, near the top (Figure 6.2). 
The objective of the excavation of Trench 1 was to expose a profile with a general 
stratigraphy of the mound, therefore Trench 1 was placed on a slope of the mound that 
was eroded by runoff that came from foothills to the east of the site. Some of my 
advisors asked me dig this trench because the erosion could have exposed a top to bottom 
profile of the highest part of the mound. However, excavation in Trench 1 was not as 
successful as we hoped due to the high amount of loose deposits that still cover that side 
of the mound and to the absence of primary contexts in this part of the mound.
6.3.1.1.1. Methodology
This unit was originally intended to have an extension of 15 m (E-W) by 5 m (N­
S). However, due to the nature of the deposits and the steepness of this part of the mound, 
it was decided to open a unit of 5 m x 5 m, with an auxiliary unit of 5 m (N-S) x 3 m (E- 
W), located immediately to the west of the main area. This auxiliary unit was opened 
because Trench 1 was placed on a steep slope and the continuous collapse of the thick 
layers of loose eolian sand made it very difficult to reach depths greater than 50 cm. 
Strong coastal winds that start to blow around 9 am and continue until late in the 
afternoon were a critical factor that affected all the excavations at Los Morteros and the 
work at other sites of Pampa de las Salinas. Therefore, I decided to excavate Trench 1 as 
series of steps from the top down the east slope. Thus, the small unit of 5 m x 3 m, along 
with wooden panels built to the north, south, and west of the unit (see Figures 6.4d, 6.5d), 
served as retention walls for the unstable profiles.
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Trench 1 had a total extension of 5 m (N-S) by 8 m (E-W) and it was excavated 
through natural and cultural levels although primary contexts were not found.
The datum used to record layers and finds of Trench 1 was located at the 
southwest corner at 36.7 masl. Depths recorded were taken in centimeters relative to the 
datum.
The UTM coordinates of Trench lwere:
NW corner (main unit): 0753147 E 9041388 N
SW corner (main unit): 0753145 E 9041382 N
In the following sections I describe surfaces and finds excavated at Trench 1. The 
excavation of Trench 1 did not record primary evidence of architecture; however surfaces 
of human activity are implied based on remains of possible hearths, and possible primary 
and secondary midden deposits in levels 1, 2, 3, and 8.
6.3.1.1.2. Excavations
Trench 1 was excavated through 12 arbitrary levels reaching a depth of ~3.3 m
The surface layer of Trench 1 was the current surface of the top of the mound, 
which is composed of fine-grained loose dark sand (10YR 4/6), small and medium-sized 
angular rocks (<20 cm), seeds, fish bones, marine mollusks, land snails, and charcoal 
(Figure 6.4). Levels 1 and 2 were arbitrary levels of 10 cm and 20 cm, respectively. The 
deposits of these levels were very similar, composed of fine-grained loose sand of dark 
color (10YR 5/3), small angular rocks (<10 cm), pieces of marine shells, fish bones, 
mammal bones, seeds, and small pieces of charcoal (<5 cm). These first three levels seem
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to correspond to deposits of the Third Phase of occupation of the mound, associated with 
architecture recorded in Area 1 and midden deposits in Area 2 (see below) (Figure 6.4).
Levels 4 and 5 were arbitrary layers of ~30 cm each, composed of very similar 
deposits: fine-grained loose sand (10YR 7/3) with scattered small pieces of charcoal (<5 
cm), pieces of marine shells, fish bones, and small angular rocks (<5 cm). During the 
excavation of level 5 the profiles started to collapse and the exposed surface of the layer 
was reduced (Figure 6.4 and 6.5).
Levels 6 and 7 were each ~30 cm thick, with similar deposits composed of fine­
grained loose sand (10YR 7/2), scattered small angular rocks (<5 cm), small pieces of 
charcoal, and small fragments of marine shells. Level 8 was another ~30 cm-thick layer 
composed of fine-grained loose sand (10YR 7/2), some small angular gravel (<5 cm), and 
small pieces of charcoal. Over the center and southeast side of the unit there was a small 
accumulation of Donax valves. In this feature, along with the Donax shells there were 
some fish bones, marine mammal bones (the majority of which were burnt), pieces of 
charcoal, and some burnt rocks (~10 cm) which seemed to indicate this deposit was a 
hearth. This hearth was less than 15 cm in depth. Due to a problem with the digital 
camera in the field it was not possible to take a photo of this level. At the northeast corner 
of the unit (outside) I found a ~10 cm layer of Mesodesma shells (see Stratigraphy 
Section 6.4 below). This level was apparently an activity surface although I only recorded 
two pieces of it.
Level 9 to 10 were arbitrary levels of ~30 cm. Level 9 was composed of fine­
grained loose sand (10YR 8/1), very small pieces of angular gravel (~3 cm), and very few 
small pieces of charcoal. Levels 11 and 12 were composed of fine-grained loose sand
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(2.5Y 7/2) with small pieces of charcoal, very small angular rocks, few animal bones, and 
very few shells. The organic content decreased with depth (Figure 6.5)
Figure 6.4. Excavation of Trench 1 (east side of the top of the mound); a: modern surface 
of Trench 1; b to d: surface of layers 1 to 3.
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Figure 6.5. Excavation of Trench 1; a: surface of layer 5; b and c: surface of layers 7 and 
9; d: surface of layer 10.
6.3.1.1.3. Unit West
This unit was excavated to serve as a retention surface for the west side profile of 
the main excavation in Trench 1.
Levels 1 and 2 (~20 cm thick) were secondary domestic refuse associated with the 
Third Phase of occupation of the site. These levels were composed of fine-grained sand 
(10YR 6/4), fragments of marine shells, fish bones, seeds, pieces of charcoal (<5 cm), 
and small angular rocks (<5 cm). Layer 3 was recorded at ~30 cm below the surface of 
layer 2. There were less organic remains than in previous levels. This layer was
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composed of fine-grained sand (10YR 7/4), scarce pieces of marine shells, charcoal, and
small angular rocks (<3 cm). Levels 4 and 5 (~30 cm each) were fine-grained loose sand
(10YR 7/3) with few organic remains (mostly very small pieces of charcoal), marine
shells, and small angular rocks (<3 cm).
Figure 6.6. Unit west of Trench 1; a: surface of layer 1; b: surface of layer 3; c and d: 
layers 4 and 5.
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6.3.I.2. Trench 2
Trench 2 was located over the center of the mound (Figure 6.2). The location of 
this unit followed my interest to explore this sector, which is the lowest part of the 
mound. GPR explorations in 2010 over this part of the mound indicated that there were 
remains of architecture under thick layers of sand. Unfortunately, the sand cover of this 
area was even thicker than expected and it was not possible to reach this architecture 
during the field season. However, excavations in Trench 2 let me record a series of 
hearths containing organic remains which were found in the deepest deposits excavated 
during the 2012 season.
6.3.1.2.1. Methodology
Trench 2 was excavated through four subunits (sectors) which formed an “L” 
shaped unit of 5 m (E-W) by 12 m (N-S) (Figure 6.7). Excavation of Trench 2 started 
with Sector 1, which was 2 m by 2 m. Sector 2 was an extension to the east of Sector 1 
that had an extension of 1 m (E-W) by 2 m (N-S). Sector 3 was immediately to the east of 
Sector 2 and had an extension of 2 m (E-W) by 2 m (N-S). Sector 4 was placed south of 
Sector 3, has an extension of 2 m (E-W) and 10 m (N-S).
Trench 2 was excavated through natural, cultural, and arbitrary levels, according 
to the nature of the sediments and contexts found, which were mostly composed of fine­
grained sand with high organic content.
Deposits in sectors 1 to 3 were very homogenous. With the exception of the 
surface layer, deposits of these sectors were composed of fine-grained, dark loose sand 
(10YR 3/3), small angular gravel (<5 cm), shells, and animal bones (fish and mammals).
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The UTM  coordinates o f Trench 2 were:
SE corner of Sector 1: 753096 E 9041444 N
Datum: 753102 E 9041444 N (26.9 masl).
Figure 6.7. Synthesized map of Trench 2 indicating the locations of sectors.
6.3.I.2.2. Excavations 
A. Sector 1
This sector was excavated through ten arbitrary levels that reached a depth of 1 m. 
All levels had similar deposits composed of fine-grained sand, small pieces of charcoal 
(<5 cm), small pieces of marine shells, and small angular rocks (<5 cm). The organic 
content decreased from top to bottom. There were no significant features or finds in this 
unit, only a spot of dark ash was recorded from levels one to six. The color of the sand
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also changed from top to bottom. The upper levels had darker sand (10YR 3/3) that 
turned lighter in the lowest levels (2.5Y 6/3) (Figure 6.8).
Figure 6.8. Excavations in Trench 2, Sector 1; a: modern surface; b: layer 4; c: surface of 





This sector was excavated through six arbitrary levels until reaching the lowest 
surface excavated in Sector 1. The deposits were composed of fine-grained sand, small 
pieces of charcoal (<5 cm), small angular rocks (<5 cm), and pieces of marine shells (<3 
cm). Some concretions of calcium carbonate were found in levels 3 and 4. The color of 
the sand changed with depth from 7.5YR 3/4 to 10YR 6/3 at the bottom (Figure 6.9).
Figure 6.9. Excavations in Trench 2, Sector 2. Left: surface of layer 1; right: surface of 
layer 6.
C. Sector 3
Sector 3 had an extension of 2 m by 2 m. This sector was excavated through three 
arbitrary layers reaching a depth of 70 cm. The deposits in this sector were composed of 
fine-grained sand (10YR 5/4) with small pieces of charcoal, marine shells, and small
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angular rocks (<5 cm), except for the first level, which had medium-sized rocks (Figure 
6.10).
Figure 6.10. Excavations in Sector 3; a to d: modern surface to layer 3.
D. Sector 4
Sector 4 was located immediately to the south of Sector 3. It had an extension of 2 
m (E-W) by 12 m (N-S). Sector 4 was excavated through six natural and arbitrary levels 
with a depth approximately between 2.5 m (south) and 1.2 m (north). An accumulation of 
small angular rocks and concretions of calcium carbonate (probably due to 
decomposition of shells) was found at the south end of this sector in layer 1
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(approximately 20 cm below the surface) in a matrix of light colored, fine-grained sand 
(Figure 6.11). In this same area, in layer 3, the sand was darker (Munsell 10YR 5/4); like 
in the other sectors of the trench there were remains of black ash with very small pieces 
of charcoal (10YR 4/4), indicating the presence of a hearth. In the excavation of layers 3 
and 4 the deposits were fine-grained dark sand (10YR 6/3) with small pieces of shells and 
charcoal. The remains of possible stone windbreaks (based on the semicircular form of 
the features) were found in the north end of these levels. Layers 5 and 6 contained very 
similar deposits to the previous layers but there were no remains of windbreaks.
After the excavation of layer 6, I decided to excavate a test pit at the north half of 
the sector, in order to explore the stratigraphy of the deeper deposits since the previous 
four layers were very similar. This pit had an area of approximately 0.7 m by 0.7 m. A 
stone hearth with remains of ash and small fish bones was found at a depth of about 1.6 
m below the surface of layer 6. This hearth was found covered with Argopecten and 
Fissurella shells (Figure 6.12). These were the deepest deposits excavated at Los 
Morteros and were approximately 2.5 m below the modern surface of Trench 2, which in 
turn was located in the lower section of the site.
The deposits in all sectors of Trench 2 were mostly composed of fine-grained 
sand apparently of eolian nature. As seen in figures and descriptions above, deposits from 
sector 1 to 3 were basically fine-grained dark sand with low content of macro remains. 
Sector 4 had different deposits with fine-grained light colored sand with presence of more 
macro remains than the other sectors. Nevertheless, deposits excavated in the whole of 
Trench 2 were different from those excavated in Trench 1 (see below), which 
corresponds to domestic midden refuse. The excavations of Trench 2 ended after
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recording this feature because the profiles of the unit were too unstable for deeper 
explorations.
Figure 6.11. Excavations in Trench 2, Sector 4; a: surface of layer 1; b: layer 2; c and d: 
surface of layer 4 and 5.
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Figure 6.12. Stone hearth with Argopecten and Fissurella shells and charcoal recorded in 
a test pit in Trench 2, Sector 4.
6.3.I.3. AREA 1
This unit was located on the east side of the top of the mound (Figure 6.2). This 
area recorded, almost at current the surface level, the remains of a stone structure that 
corresponds to the Third Phase of occupation of Los Morteros (see Chapter 7). This 
architecture was composed of an ample square room with a preserved extension of 11 m 
(E-W) by 4 m (N-S) and a rounded corner at the northwest side. Walls east and south 
were not preserved so it was not possible to record the total dimensions of this room. A 
sort of stone platform of 2 m (N-S) and 3 m (E-W) was recorded to the west of the square 
room. This platform was built by placing big angular rocks together with their flat sides 
facing up. It was not possible to record the original extension of this platform but its 
location indicates that it was part of the structure along with the square room.
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The interior of the square room was composed of a thick orange clay floor 
(Munsell 5YR 6/8). Over this floor were recorded a series of features such as post holes 
by the north wall, a trash pit to the west, and a hearth to the east. Inside these two latter 
features, I recovered organic remains such as pieces of charcoal, pieces of marine shells, 
cotton seeds, and fish bones. However, the most remarkable feature of this architecture 
was the presence of a large standing stone (huanca) of approximately 1.35 m height, 
located in the middle of the square room. Unfortunately, this architecture suffered the 
attack of looters that destroyed much of the structure, including this huanca and the 
platform, after my 2012 excavation season; three human burials located below the 
platform and close to the north wall were looted, too. I reported this looting with a 
detailed letter to the office of the Ministry of Culture in the city of Trujillo on March 24th 
2014.
6.3.I.3. 1. Methodology
Area 1 was excavated through five sectors (1-5). Sector 1 was 4 m by 4 m; Sector 
2 was 4 m (N-S) by 3 m (E-W); Sector 3 was 4 m by 4 m; Sector 4 was 5 m (N-S) by 4 m 
(E-W); Sector 5 was 5 m (N-S) by 4 m (E-W). All these sectors covered a total area of 
approximately 15 m (E-W) by 8 m (N-S) (Figure 6.13). The location of this unit 
corresponded to the presence of part of the north stone wall on the surface of the site. I 
decided then to open a 4 m by 4 m unit (Sector 1) over this part of the wall. Because of 
the extension of this wall it was necessary to open two more sectors to the east and west 
of Sector 1. Since the remains of this architecture continued far to the west and south two 
more sectors were opened.
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Except for Sector 4, all other sectors were excavated through two levels (surface 
and layer 1) because this architecture was very shallow. Therefore, I decided to keep it in 
place since it was the only standing example of one of the last phases of the site.
Sediments recovered from these contexts were sieved using 1.5 mm and 3 mm 
meshes, and I also kept unscreened samples for macro- and micro-botanical analyses.
The UTM coordinates of Area 1 were:
NE corner of Sector 1 and Datum: 753127 E 9041370 N (37.7 masl).
Figure 6.13. Sectors excavated in Area 1.
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6.3.I.3. 2. Excavations
A. Sectors 1, 2, 3, and 5
The surface layer in all sectors was composed of fine-grained loose sand (Munsell 
10YR 7/2), small angular gravel, scattered boulders (~30-50 cm), abundant fragments of 
shells, pieces of charcoal, fish bones, marine mammal bones, and pieces of clay mortar 
(5YR 5/8). This surface had remains of clay powder (5YR 5/8) very similar to the pieces 
of mortar found near the stone wall. This layer was ~10 cm thick and it was covered 
mostly by boulders (Figure 6.14).
In Sectors 1, 2, and 3, layer 1 corresponded to a stone room with an orange clay 
floor (Munsell 5YR 6/8). This clay floor was ~5 cm thick and was better preserved 
towards the east and west. At the “center” of this room the floor was cut to place the 
huanca. The total length of this stone was not recorded because it was sunk in the sand 
but the visible part is 1.3 m long. This huanca was surrounded by smaller angular 
boulders. To the east of the room there was a hearth of irregular dimensions (~1 m x 0.4 
m) with traces of burning, ash, and organic remains (charcoal, seeds, shells, fish bones) 
inside and around this feature. This hearth was partially filled with modern eolian sand, 
so the most surficial deposits had intrusive remains. In Sector 3 (the west of room), close 
to the west wall that was part of a platform there was a trash pit (1m x 1 m) that contained 
organic remains like those found in the hearth on the other side of the room.
In Sector 5, layer 1 corresponded to the northwest rounded corner of the room and 
the flat surface of a stone platform. This platform had an extension of 3 m (N-S) by 2 m 
(E-W). To the north of this platform there was a small stone hearth containing charcoal
163
and fish bones. The relationship between this hearth and the stone architecture is not clear 
(Figures 6.15 and 6.16).
Figure 6.14. Modern surface in Area 1, Sector 1 (left) and Sector 5 (right).
164
Figure 6.15. Layer 1 in Area 1; a: Sector 2; b: Sector 1; c: Sector 3; d: Sector 5.
Figure 6.16. Stone hearth north of the stone platform of Sector 5, Area 1.
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B. Sector 4
Sector 4 was located to the north of Sector 3. This unit was opened to explore the 
area outside of the stone structure. Sector 4 was excavated through 5 levels, reaching a 
depth of ~25 cm. As in the rest of the top of the site, the surface of Sector 4 was covered 
by angular boulders and gravel, fine-grained sand (10YR 7/3 to10YR 6/4), pieces of 
marine shells, small pieces of charcoal (<3 cm), and fish bones. All levels had the same 
characteristics and contents, however, a sort of wall formed by aligned rocks was found 
in level 2 through level 5. This wall had a SW-NE direction and was attached to the north 
wall of the large stone room (Figure 6.17). In this layer, another stone hearth of 
approximately 40 cm by 20 cm was found in the northwest corner of this sector, 
containing the same kind of remains as the one found in Sector 5.
Outside of Area 1, to the north of sectors 1 and 4, there was a series of stone 
hearths similar to those recorded in sectors 4 and 5. All these hearths were circular 
accumulations of angular rocks of ~10 cm long, whose interior contained remains of ash, 
pieces of charcoal, fragments of marine shells, and fish bones (Figure 6.15). These 
features were found at the same level as the stone architecture over eolian sand deposits, 
covered also by sand and debris from surrounding architecture.
As mentioned above, there was no further excavation of the contexts found in 
Area 1 because of the uniqueness of this architecture in the site.
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Figure 6.17. Excavations in Sector 4, Area 1; a to c: surfaces of layer 1 to 3; d: surface of 
layer 5.
6.3.I.4. AREA 2
Area 2 was located on the northwestern end of Los Morteros (Figure 6.2). 
Excavations in Area 2 were carried out in order to explore the stratigraphy of this part of 
the mound. I started the exploration of this area by cleaning one of the three big huaquero 
pits (grave looter pits) that were over the selected area. Two of these pits had a diameter 
of ~2 m and were located to the southwest and southeast, while a third one, with a 
diameter of ~3 m, was to the north of them. During the cleaning of the pit to the
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southwest I found part of an adobe wall made of four rows of rectangular and flat adobes 
that continued under the ground. Because of this find, I opened a unit of 4 m by 4 m 
covering this wall. Excavations in Area 2 discovered a mud brick room of 10 m (N-S) by 
7 m (E-W). This room was made of quarried stones, mud bricks, and clay. This type of 
architecture has not been reported in the valley before. The stratigraphic position of this 
structure indicates that it was an occupation of the site that predates the stone architecture 
found on top of the mound (Area 1), since the excavations in this sector uncovered a 
stone-and-clay wall, identical to those in Area 1, with a round corner and a very similar 
orange mortar, immediately over the top of the adobe walls. Therefore I called this adobe 
architecture the Second Phase of occupation of the site, which was found below stone 
architecture and domestic midden deposits of the Third Phase of occupation (stone 
architecture of Area 1).
6.3.I.4. 1. Methodology
Excavations in Area 2 were carried out through three sub-areas or sectors which 
covered the total extension of the adobe architecture found in this unit. Thus, excavations 
started with a 4 m by 4 m unit (Sector 1) located over huaquero pit #1 (where the first 
adobe wall was found). To continue recording the architectural features found there, 
another 4 m by 4 m sector (Sector 2) was added to the north of Sector 1. Sector 3 was 8 m 
(N-S) by 6 m (E-W), located immediately to the east of Sectors 1 and 2. Due to the high 
organic content of the deposit covering this part of the mound, I decided to excavate the 
adobe room through sub-sectors to define the extension of this architecture. Therefore, 
Sector 3 had three sub-sectors (Figure 6.18).
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UTM coordinates of Area 2 were:
NW corner of Sector 1: 753076 E 9041483 N.
Datum: 753069 E 9041481 N (28.1 masl).
Sediments removed during excavations of Area 2 were sieved using 1.5 mm and 3 
mm meshes and several 1 and 2 liter samples were recovered for micro- and macro­
botanical analyses. Deposits excavated in Area 2 corresponded to domestic midden 
containing high amounts of organic remains including marine shells, fish bones, marine 
mammal bones, macro and micro botanical remains, and human coprolites (see Chapter 
8).




Excavations in Sector 1 started with the cleaning of huaquero pit #1, which 
uncovered part of an adobe brick wall that had a W-E direction. This cleaning ended at a 
depth of ~1 m when no more intrusive deposits were found. At this depth the adobe wall 
still continued under the visible deposits. The rest of this wall was uncovered through 
excavations carried out in Sector 3 and Sub-sector 3-1, which basically removed midden 
deposits (see below).
Sector 1 was excavated through four arbitrary layers to a depth of ~53 cm. 
Huaquero pit #1 was in the northeast quarter of this sector, therefore excavations were 
focused on the rest of the unit. The modern surface of Sector 1 was composed of fine­
grained loose sand (2.5 Y 8/1) over a layer of darker loose sand with angular gravel 
(<5cm), some angular rocks (~20 cm), burnt seeds, and small pieces of marine shells and 
charcoal. From layer 1 to layer 4, the composition of the sediments was very similar, 
although the amount of marine shells decreased from the top to the bottom. The macro­
botanical remains of this sector were small (<5 cm) in comparison with those found in 
others areas previously excavated. The matrix of these layers was dark, fine-grained sand 
(10YR 4/6) with traces of ash towards the southeast of the unit. The dark color of these 
deposits seemed to correspond to organic decomposition and ash content (Figure 6.19).
A stone-and-clay wall with a round corner was found on the northeast quarter of 
this sector. This wall was built over the adobe wall encountered in the first huaquero pit 
(Figure 6.20). This stone-and-clay wall had very similar characteristics to the stone 
architecture on top of the mound. To the northwest of this stone wall (the interior of the
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enclosed space) there were remains of a clay floor of similar characteristics to the floor of 
the stone structure found in Area 1, on the top of the mound. For these reasons and 
because of their stratigraphic location —over the adobe wall and close to the modern 
surface—I consider this wall and floor part of the same late occupation phase found in 
Area 1.
The excavation in Sector 1 finished after uncovering most of the height of the 
stone-and-clay wall. I decided to keep this wall in place as a proof of this late phase of 
occupation over this area and of the stratigraphic relation between this stone phase and 
the adobe phase.
Through the excavations in Sector 1 it was possible to establish that the part of the 
adobe wall found in the huaquero pit #1 was the southwest corner of a larger room whose 
walls continued to the north and east of this sector.
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Figure 6.19. Excavations in Area 2, Sector 1; a: modern surface: b to d: layers 2 to 4.
Figure 6.20. Stone-and-clay wall with a round corner built over an earlier adobe room.
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B. Sector 2
This sector was excavated to continue recording the stone-and-clay wall found in 
Sector 1. Sector 2 was located immediately to the north of Sector 1. Four arbitrary layers 
were excavated in this sector up to a depth of ~35 cm.
The surface of this sector was identical to Sector 1. Layer 1 was composed of 
fine-grained sand (10YR 5/6) with small angular rocks (<5 cm), burnt seeds, and small 
pieces of marine shells and charcoal (<3 cm). Layers 2 and 3 contained fine-grained sand 
(10 YR 6/4), ash, few pieces of marine shells, some seeds, and small pieces of charcoal 
(<3 cm). A feature with grey ash next to a concretion of calcium carbonate was found on 
the surface of layer 3. The stone-and-clay wall was recorded in layer 3. Layer 4 had the 
same kind of macro organic remains but in lesser amounts, and remains of ash were 
found along the external side of the stone-and-clay wall. This wall was not as well 
preserved in Sector 2 as it was in Sector 1. However, it was possible to recognize that this 
wall originally continued to the north enclosing a space of at least 3 m (N-S) (Figure 
6.21).
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Figure 6.21. Excavation in Sector 2, Area 2; from a to d: surfaces of layers 1 to 4, Area 2, 
Sector 2.
C. Sector 3
This ector was 8 m (N-S) and 6 m (E-W). It was located immediately to the east 
of Sectors 1 and 3. The objective of the excavations in this sector was to continue 
recording both the stone-and-clay wall and the adobe wall. Therefore, before starting the 
excavation, I decided to clean huaquero pit #2 which was to the east of pit #1. The 
southeast corner of the adobe room was identified as a result of this cleaning. Sector 3 
was excavated through four arbitrary layers until the west, south, and east walls of the 
room were identified (~50 cm depth). Due to the high density of organic remains in the
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deposits that cover the architecture of Area 2, after layer 4 the excavations of the adobe 
room continued through sub-units or sub-sectors placed along the internal faces of the 
south and east walls.
Layer 1 contained fine-grained sand (10YR 6/4) with small angular rocks, and 
small pieces of marine shells and charcoal (<5 cm). Approximately 20 cm below the 
surface of layer 2, we recorded a small channel caused by runoff with a south-north 
direction. The channel was filled with very fine-grained, greyish sand (10YR 5/3) and 
gravel, and has a wedge-shaped accumulation of shells (mostly Choromytilus sp.) that 
was thicker to the south of Sector 3 (up to 50 cm) and shallow to the north. It appears that 
these shells were redeposited from a topographically higher portion of the mound. The 
rest of the deposits recorded throughout the four excavated layers were similar in 
composition, with fine-grained sand (7.5YR 4/3), small pieces of charcoal, and pieces of 
marine shells (Figure 6.22).
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Figure 6.22. Excavations in Sector 3, Area 2; from a to c: layers 2 to 4.
D. Sub-Sector 3-1
This sector was located to the south of Sector 1 (within Sector 3), along the south 
wall of the adobe room. This sub-sector was ~1.5 m (N-S) by 7.1 m (E-W) and it was 
excavated through five layers —in addition to the four layers previously excavated in 
Sector 3— until uncovering the clay floor in the adobe room at ~75 cm from the surface 
of layer 4.
All levels excavated in sub-sector 3-1 contained similar deposits composed 
mostly of fine-grained sand (10YR 6/3); pieces of adobe bricks collapsed from the south 
wall; grey and black ash; and organic remains such as charcoal, seeds, and small fish
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bones (<5 cm). From levels 7 to 9, the southwest corner contained deposits with abundant 
dark ash, fish bones, sea lion bones, and marine shells. Towards the center of the sub­
sector deposits were mostly pieces of adobes that belonged to the center of the south wall 
that collapsed apparently because of the runoff recorded in previous levels of Sector 3.
The excavations of this sub-sector ended when a well-preserved clay floor (7.5YR 
6/8) was found after the removal of deposits of layer 9 (Figure 6.23).
Figure 6.23. Excavation in Sub-Sector 3-3; a: surface of layer 5; b: layer 7; c: layer 8; d: 
clay floor, layer 10. Layer 10 corresponds to the clay floor of the adobe room.
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E. Sub-Sector 3-2
Sub-sector 3-2 was located along the east wall of the adobe room (within Sector 
3) and it had approximate dimensions of 7 m (N-S) by 1.5 m (E-W). This sub-sector was 
excavated through four arbitrary layers (layer 8) after which the clay floor of the room 
was uncovered, at ~75 cm depth.
Deposits in this sub-sector were very similar to those found in sector 3-1, 
composed of domestic refuse (fish bones, charcoal, marine shells, etc.), mixed with 
remains of the collapsed east wall. The first two layers of this sub-sector recorded a thick 
deposit of black ash. A small clay wall was recorded to the south of the sub-unit on the 
surface of layer 8, which made an internal division of the adobe room. Approximately 20 
cm to the north of this wall we recorded a square feature made of clay which seemed to 
be a sort of podium or pedestal (Figure 6.24).
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Figure 6.24. Excavation in Sub-Sector 3-2; a: surface of layer 4; b: layer 6; c and d: 
surface of layer 8 and 9. Layer 9 was the clay floor of the adobe room.
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After the removal of layer 8, it was possible to record the clay floor of this part of 
the room. This floor was poorly preserved and showed remains of ash to the north of the 
sub-sector. Towards the southeast corner of the room the clay floor and the other 
architectural features were better preserved. The floor recorded in sub-sector 3-1 was on a 
lower level than the floor of the rest of the adobe room. The floor of the southeast corner 
had a hole made by the huaquero looting of this part of the structure; there was even a 
mark of the barreta —a metal long bar used by huaqueros to test the ground— on the 
east wall of this corner.
Although excavations in sub-sector 3-2 uncovered part of the east wall and the 
internal floor of this side of the room, this excavation didn’t uncover the total length of 
the wall and the northeast corner of the room, which was one of the objectives. Therefore, 
I opened another unit to the north of sub-sector 3-2, following the alignment of the wall.
F. Sub-Sector 3-3
Sub-sector 3-3 was 4 m by 4 m and it was excavated through seven arbitrary 
levels until the floor of the adobe room was uncovered at ~1 m from the surface.
The first three excavated levels contained almost exactly the same deposits 
recorded in the first three levels of Sector 3. The channel described in above in Sector 3 
was also found to extend into this sub-sector. The north part of the adobe wall and the 
northeast corner were found in layer 5, along with remains of the collapsed wall (pieces 
of adobe and chunks of clay). In layers 6 and 7 we encountered part of a whale mandible 
that had fallen into the room with other midden deposits when most of the east wall 
collapsed at some time in the past. This mandible was larger but we only recorded the
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part inside sub-sector 3-3, the rest of it remains under the deposits that still cover the 
central part of the adobe room. Other materials found in layers 6 and 7 include whale 
bones, abundant pieces of adobe and clay mortar, and pieces of marine shells (Figure 
6.25).
The floor of this sub-sector was also poorly preserved and had abundant remains 
of dark ash. The east wall of the adobe room was considerably smaller than the south 
wall, which has preserved parts that are more than 2 m in height. In the case of the east 
wall, only the southeast part of the wall was higher than 1.5 m, the height of this wall 
decreases towards the north where it is less than 1 m in height.
Figure 6.25. Excavation in Sub-Sector 3-3; a: surface of layer 1; b: surface of layer 3; c: 
layer 6; d: layer 8, clay floor of the adobe room.
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6.3.I.5. AREA 3
This unit was located on the south-central part of the mound south of Trench 2. 
The objective of this excavation was to explore this part of the mound, which seemed to 
be a sort of “gateway” to the upper part of the mound. Nevertheless, due to time 
restrictions and because the finds in Area 2 required the majority of our resources, only 
two levels were excavated in Area 3. No primary contexts were recorded in this unit, the 
scant materials recovered consisted of pieces of charcoal, pieces of marine shells, fish 
bones, and angular rocks that belong to the domestic refuse deposits of the Third Phase. 
The presence of large angular rocks seems to indicate the former existence of some sort 
of structure in this area, which needs to be explored in more depth (Figure 6.26).
6.3.I.5. 1. Methodology
Area 3 was a 2 m by 2 m unit and it was excavated through one natural level and 
one arbitrary level. Through this excavation we recorded one level of modern eolian sand 
and one level with domestic refuse that belonged to the Third Phase of occupation of the 
mound.
The UTM coordinates of Area 3 were:
SW corner and Datum: 753105 E 9041414 N (31.1 masl).
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Figure 6.26. Right: modern surface in Area 3; left: surface of layer 1.
6.3.I.6. AREA 4
Area 4 was located on the top of the mound at approximately 5 m west of Area 1 
(Figure 6.2). The objective of this excavation was to explore this part of the mound and 
test the area for a possible presence of architecture indicated in the geo-radar explorations 
of 2010. However, no such evidence was found in this unit.
6.3.1.6.1. Methodology
In the beginning Area 4 was 6 m (N-S) by 2 m (E-W) but later it was extended 3 
m to the north. This extension was excavated separately after excavations in the original 
unit ended at layer 5. The extension of Area 4 was excavated through 10 levels that 
reached a depth of ~3.5 m. Area 4 was excavated through natural and arbitrary levels 
with no primary cultural deposits found. Sediments removed during the excavations were 
sieved using 1.5 mm and 3 mm meshes.
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The UTM coordinates of Area 4 were:
NW corner and Datum: 753107 E 9041376 N (37.6 masl).
6.3.I.6.2. Excavations
Excavations in this unit were carried out through five arbitrary levels to a depth of 
~95 cm. Since no significant cultural remains were found in this unit, it was decided to 
end the excavations at level 5 and continue the work only in the extension north of this 
unit.
The modern surface of this part of the mound was very similar to that recorded in 
Area 1: fine-grained sand (10YR 7/2), medium-sized angular rocks (>10 cm; <40 cm), 
pieces of marine shells, fish bones, and small pieces of charcoal (<5 cm).
Layers 1 to 4 contained the same kind of deposits composed mostly of fine­
grained sand that was darker in the most surficial levels (10 YR 3/6 to 10 YR 6/4). These 
layers contained small pieces of charcoal, pieces of marine shells, fish bones, seeds, and 
small angular rocks (<3 cm). The amount of organic remains decreased after layer 1. 
Layers 1 to 3 can be associated with secondary deposits of the Third Phase of occupation 
(stone architecture of Area 1).
In layer 5 a human burial was found near the southeast corner of the unit. This 
tomb was not excavated. A stone mortar was found close to the southwest corner of this 
same layer (Figure 6.27).
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Figure 6.27. Excavation in Area 4; a: modern surface; b: surface of layer 2; c and d: 
layers 4 and 5. Red arrow points to the location of a stone mortar found in this unit.
6.3.I.6.3. Sub-Unit North
This sub-unit was 3 m (N-S) by 2 m (E-W) and it was excavated to a depth of 
~3.5 m through 10 arbitrary levels of excavations.
The first 2 levels contained most of the materials recovered in this unit, which 
were very similar to those recovered in the original Area 4. These levels were composed 
of fine-grained sand (10YR 5/4) with small pieces of charcoal (<3 cm), pieces of marine 
shells, fish bones, seeds, and small angular rocks (~5 cm). These two first levels seem to 
be remains of the Third Phase of occupation recorded for this site, associated with the
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stone architecture of Area 1 and the stone-and-clay wall of Area 2. The following layers 
contained fine-grained sand (10 YR 7/3), very few small pieces of charcoal (<3 cm), and 
scant small angular rocks. After layer 8 it was difficult to keep the profiles from 
collapsing into the unit, therefore the surface exposed for excavation was narrower. 
Deposits of layers 9 and 10 were composed of fine-grained sand (10YR 7/2) with very 
scant pieces of charcoal (<3 cm). The excavations in Area 4 ended at level 10 due to the 
absence of primary cultural contexts (Figure 6.28).
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Figure 6.28. Excavations in Sub-unit north; a: layer 2; b: layer 6; c: layer 8; c: surface of 
layer 10; e and f: layers 11 and 12.
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6.3.2. Excavations at Conchal Viejo
Conchal Viejo is a shell midden located at the southwest end of the paleo- 
shoreline of Pampa de las Salinas, on the northwest flank of one of the mountains of 
Cerros Salinas, at about 800 m from the ocean (Figures 6.1 and 6.29). Conchal Viejo 
covers an extension of approximately 100 m (N-S) by 90 m (E-W), although there are 
some ceramic remains on the mountains to south of the site. The shell deposits have an 
average depth of 30 cm and are composed mostly of Mesodesma donacium shells 
(clams). This site was first reported by Mercedes Cardenas and her team during the late 
1970s (Cardenas 1999).
Conchal Viejo was one of the sites selected for test pit excavations intended to 
recover datable materials to build an updated chronology of the Preceramic Period of 
Pampa de las Salinas and to assess the relationship between Conchal Viejo and Los 
Morteros. The selection of this site was based on the dates reported by Cardenas from 
Conchal Viejo that seemed to be contemporary with Los Morteros. However, since these 
dates were based on marine shells, it was necessary to re-evaluate them using non-marine 
organic remains from stratigraphic excavations.
Two test pits were excavated at this site, both with an extension of 2 m by 2 m, 
and a depth of about 30 cm. Test pits were located to the east and west of the site. 
Excavations at Conchal Viejo recovered almost exclusively Mesodesma shells, although 
some fragments of ceramics were found in the surficial layers of test pit 2.
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Figure 6.29. View of the site Conchal Viejo from east to west.
6.3.2.I. Test Pit 1
Test pit 1 was located on the east side of Conchal Viejo. The main objective for 
the excavations of this test pit was to recover organic remains for radiocarbon analysis.
A. Methodology
This unit was excavated through five levels until reaching the sterile surface of 
the mountain slope at ~30 cm from the current surface. Test pit 1 was excavated by 
cultural and arbitrary levels. Sediments from this unit were sieved using 1.5 mm and 3 
mm meshes.
The UTM coordinates of Test Pit 1 were:
NW corner and Datum: 749230 E 9040242 N (27 masl).
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B. Excavations
The current surface of this unit was composed of fine-grained sand, abundant 
Mesodesma shells, pieces of non-diagnostic ceramics, and small angular rocks (<10 cm). 
Arbitrary layers 1 to 3 were composed of fine-grained sand (Munsell 2.5 Y 7/2), 
abundant Mesodesma and Donax shells, small pieces of charcoal, and small angular 
rocks. Layer 4 contained greyish fine-grained sand (2.5Y 6/1), scattered pieces of shells, 
and small angular rocks. Layer 5 was the sterile surface of the unit that corresponded to 
the surface of the slope of the mountain (Figure 6.30).
Figure 6.30. Excavation of Test Pit 1 in Conchal Viejo; a: current surface; b: layer 2; c 
and d: layers 4 and 5.
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6.3.2.2. Test Pit 2
Test pit 2 was located on the west side of Conchal Viejo, over an alignment of 
rocks that seemed to be a windbreak. This part of the site has considerably fewer marine 
shells on the surface, much of which is covered by greyish eolian sand.
A. Methodology
This unit had an extension of 2 m by 2 m and it was excavated through five 
arbitrary levels to a depth of ~35 cm.
The UTM coordinates of Test Pit 2 were:
NW corner and Datum: 749156 E 9040240 N (38 masl).
B. Excavations
The surface layer of this unit was composed of fine-grained sand, medium-sized 
angular rocks (~30 cm), pieces of marine shells, and a fragment of non-diagnostic 
ceramic. The following layers contained fine-grained sand (Munsell 10 YR 7/3), 
scattered pieces of marine shells, angular rocks, and small pieces of charcoal. The 
alignment of rocks found on the surface consisted of two parallel lines of medium-sized 
angular rocks. The south and north parts of this unit were excavated separately using this 
wall as a boundary. Abundant remains of charcoal and marine shells were found in the 
north part of this wall, while the south side contained mostly fine-grained sand and much 
less charcoal and shells. Excavations ended at level 5 on the south side of the unit and at 
the surface of level 7 on the north side since it had a greater concentration of cultural
191
remains. The surfaces of layer 5 and 7 were mostly composed of fine-grained sand with 
no cultural deposits (Figure 6.31).
Figure 6.31. Conchal Viejo, Test Pit 2; a: modern surface; b: layer 1; c and d: layer 4 and 
6.
6.3.3. Excavations at Los Pescadores
Los Pescadores is located to the southwest of Los Morteros on an alluvial fan of 
Pampa de las Salinas close to the edge of the paleo-shoreline (Figure 6.1). Los 
Pescadores has an extension of approximately 300 m (N-S) by 350 m (E-W). This site 
has two main components: the square stone structures to the east of the site and the stone 
windbreaks located to the west. Los Pescadores was explored through the excavation of 
one test pit of 2 m by 2 m placed inside a small stone room that is part of a larger square 
structure composed of smaller rooms and a sort of patio. This large structure has an
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extension of 37 m (N-S) by 30 m (E-W). To the northwest of this space there are other 
stone structures that seem to have been part of the same occupation phase of the site. All 
of this stone architecture is covered by fine-grained, light-colored eolian sand. Much of 
the architecture at Los Pescadores has been affected by alluvial channels and alluvial 
deposits. The main objective of the excavations at Los Pescadores was to obtain reliable 
organic remains for radiocarbon analysis.
Figure 6.32. Aerial photo of the site Los Pescadores; red arrow shows the location of test 
pit 1.
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6.3.3.I. Test Pit 1
This unit was located inside a small room of 2.5 m by 2.5 m on the southwest end 
of the stone structure, southwest of a 50 m (N-S) by 30 m (E-W) patio enclosed by stone 
walls (Figure 6.32).
A. Methodology
This unit had an extension of 2 m by 2 m and it was excavated through five 
arbitrary levels to a depth of ~40 cm below the surface. All sediments removed from this 
unit were sieved using 1.5 mm and 3 mm meshes.
The UTM coordinates of this unit were:
SW corner and Datum: 752414 E 9039822 N (329 masl).
B. Excavations
The modern surface is composed of fine-grained eolian sand (Munsell 10 YR 8/1) 
and a few medium-sized angular rocks. Layers 1 and 2 recorded fine-grained sand, 
scattered pieces of shells, charcoal, and seeds, and debris from the stone walls of the 
room. Part of a stone wall was recorded from layers 3 to 5, which seems to have been part 
of the original architecture of this site. Deposits in these layers included fine-grained sand 
(Munsell 10YR 7/2), small pieces of charcoal, marine shells, and seeds, along with more 
debris from the collapsed walls. Excavations in test pit 1 ended when the base of this wall 
was found at ~40 cm below the modern surface of the unit (Figure 6.33).
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6.33. Los Pescadores, Test Pit 1; a: modern surface; b: surface of layer 2; c and d: surface 
of layer 4 and layer 5.
6.4. The Stratigraphy of Los Morteros
The stratigraphic record of the units excavated at Los Morteros was a particularly 
difficult task due to the characteristics of the deposits. Los Morteros is a mound-shaped 
site entirely covered by several meters of fine-grained eolian sand that is located about 4 
km from the ocean, in a very dry environment. These three factors combined make 
excavations in Los Morteros and any other archaeological site on Pampa de las Salinas a 
very hard endeavor. The sand cover is loose and dries out in a matter of minutes due to 
the warm temperatures of the zone. This loose sand is easily moved by the strong coastal 
winds of the Peruvian coast, refilling small excavation units or collapsing profiles in 
larger areas, especially at depths greater than 50 cm. Therefore, it was impossible to
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record profiles in the field by drawings. I decided to do the stratigraphic analysis of Los 
Morteros based on photos taken during the field work.
To analyze the stratigraphy of the mound I use four units that cover two main 
sections: Trench 1 and Area 4, both on the upper part of the mound; and Trench 2 and 
Area 2 on the lower sections of the site. Thus, stratigraphy of Trench 1 and Area 4 are 
based on series of small profiles exposed as excavations were reaching deeper levels. 
Since the upper parts of the mound contained most of the eolian deposits (several 
meters), excavations had to be carried out through steps to prevent the collapse of profiles 
and the back filling of the units.
In this section I present and discuss the stratigraphy of Los Morteros starting from 
the top of the mound, which contains the youngest deposits, and continue with the lower 
areas, which have the oldest contexts.
6.4.1. Trench 1
6.4.1.1. Profile West
The description of this profile corresponds to the first 2.4 m excavated (from top 
to bottom), the other 2 m excavated in Trench 1were not possible to record through 
photos or drawings because of the increasing instability of the sand deposits at depths 
greater than 0.5 m.
The stratigraphic reconstruction of this part of the mound is based on photos and 
field notes of the excavated layers. The first 1.6 meters (Strata 1 to 6) were recorded on 
the south profile of the unit. The other 0.8 meters were recorded on the west profile 
(Strata 6 to 9) (Figures 6.34 to 6.36).
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Elevation of the datum in Trench 1 was 36.7 masl.
- Stratum 1: poorly sorted fine-grained sand with small angular rocks (<10 cm), 
small pieces of charcoal, marine shells, and fish bones.
- Stratum 2: fine-grained dark sand with abundant organic remains such as fish 
bones, marine shells, pieces of charcoal, small sized angular rocks (<10 cm), 
pieces of cords and fibers.
- Stratum 3: thin and compact layer of small pieces (< 3cm) of fish bones, 
charcoal, marine shells, very dark brown sand, and small angular rocks (< 3cm). 
This layer seems to correspond to an activity surface.
- Stratum 4: poorly sorted fine-grained sand with scattered pieces of charcoal, 
marine and land shells, fish bones, and small angular rocks (< 5 cm). There were 
spots of brown to reddish sand in this layer, but there were no patterns that would 
indicate these were remains of wooden structures, as in the case of Trench 2.
- Stratum 5: lens of fine-grained dark sand with very small pieces (<2 cm) of 
marine shells and charcoal.
- Stratum 6: fine-grained light colored sand with very few organic remains such as 
very small pieces (<1 cm) of charcoal and marine shells.
- Stratum 7: layer of fine-grained dark sand with very small pieces of marine 
shells and charcoal. This stratum continues on the north and northeast profiles and 
corresponds to a dense deposit of Mesodesma shells deposited on the northeast 
side of the area (Figure 6. 33). This layer corresponds to an activity surface.
- Stratum 8: lens of fine-grained sand with very small pieces of charcoal and 
marine shells (< 2cm).
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Stratum 9: fine-grained light colored sand with very small pieces of charcoal and 
marine shells (< 2cm).
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Figure 6.34. Profile south of Trench 1. This profile recorded the first 1.6 m of the stratigraphy of this part of the mound.
Figure 6.35. Profiles recorded in Trench 1; a: south profile of Trench 1; b: view of 
profiles south and west; c: stepped profile, west side of Trench 1; d: north side of Trench 
1, the red arrow shows a dense layer of Mesodesma shells recorded to the northeast side 
of the unit.
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Figure 6.36. Deposit of Mesodesma shells recorded towards the northeast side of Trench 
1, corresponds to stratum 7.
6.4.2. Area 4
6.4.2.I. Profile East
This profile was exposed in three levels while digging the Extension North of 
Area 4. The deposits in this unit were very homogeneous mostly in the last 3 m of the 4 
m dug (Figure 5.37).
The elevation of the Area datum 4 was 37.6 masl.
- Stratum 1: fine-grained dark brown sand with abundant organic remains such as 
pieces of charcoal, fish bones, marine shells, seeds, and medium-sized to small 
angular rocks (<10 cm). This layer is thinner down the northern slope of the 
mound.
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- Stratum 2: fine-grained light brown sand with scattered small pieces of charcoal, 
fish bones, marine shells and small angular rocks (<5 cm).
- Strata 3a, 3b, 3c, 3d: These layers were spots of dark brown sand of elongated 
shapes that seem to originate from stratum 1 or the surface. The shape of these 
spots seems to indicate a former presence of organic materials (wooden posts?) 
that were probably part of the stone architecture found on top of the mound.
- Stratum 4: Tomb marked by a big angular boulder that covered a human burial. 
This was the last surface of primary activities recorded in this area (~2 m from the 
surface).
- Stratum 5: fine-grained light brown sand with scattered small pieces of charcoal 
and very small angular rocks (<3 cm).
- Stratum 6: fine-grained dark brown sand with small pieces of charcoal and fish 
bones (recorded to the south side of the profile).
- Stratum 7: fine-grained light brown sand with very few small pieces of charcoal, 
fish bones and marine shells.
The last 20 to 30 cm of this profile couldn’t be registered because of the dry sand 
coming off of the profile wall.
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Figure 6.37. Profile east of Area 4.
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Figure 6.38. Profile east of Area 4, central section of the top of the mound, indicating the strata recorded.
6.4.3. Trench 2
6.4.3.1. Profile South
This profile corresponds to the south side of Trench 2, Sector 4, this sector of the 
trench was 2 m (E-W) by 10 m (N-S). This profile recorded 2.1 m of the stratigraphy 
found in the central area of the mound (Figure 6.39).
Elevation of the datum of Trench 2 was 26.9 masl.
- Stratum 1: fine-grained light brown sand (wind-blown sand)
- Stratum 2: medium-to-small sized angular rocks (<10 cm), fine-grained light 
brown sand with small pieces of fish bones, marine shells, charcoal, and seeds.
- Stratum 3: fine-grained dark brown sand and small pieces of charcoal.
- Stratum 4: fine-grained light brown sand with very small angular rocks (<3 cm), 
and small pieces of charcoal.
- Stratum 5: very fine-grained dark brown sand, small pieces of charcoal, small 
pieces of marine shells, and very small angular rocks (<3 cm). This stratum marks 
a very distinctive activity surface similar to those recorded on profiles in Trench 1 
and Area 4 on top the mound.
- Stratum 6: fine-grained light brown sand, scattered small organic remains such 
as very small pieces of charcoal and shells, and very small angular rocks (<3 cm).
- Stratum 7: (west side of the profile): a deposit of Argopecten shells and charcoal.
- Stratum 8: fine-grained brown sand with small, scattered pieces of charcoal, 
small pieces of marine shells, fish bones, and very small angular rocks (<3 cm).
- Stratum 9: fine-grained light-colored sand with pieces of very small angular 
rocks (<3 cm), small pieces of charcoal and marine shells.
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- Stratum 10: fine-grained dark colored sand with small, scattered organic remains 
such as very small pieces of charcoal and marine shells (<2 cm).
- Stratum 11: fine-grained light colored sand with few, scattered, and very small 
pieces of marine shells (<2 cm).
- Stratum 12: fine-grained light colored sand, Argopecten shells and charcoal 
(hearths) (Figure 6.40c).
I excavated a test pit (0.8 m x 0.8 m) in the center of Sector 4 of Trench 2, at the 
bottom of the south profile. At the bottom of this test unit we found a hearth with 
medium-sized and small angular rocks, charcoal, fish bones and Argopecten and 
Fissurella shells (Figure 6. 40a and 6.40b). Deposits observed throughout this excavation 
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Figure 6.39. Profile south of Trench 2.
Figure 6.40. Features recorded in Trench 2. Top: stone hearth with Argopecten shells 
recorded in the test pit dug in the center of Sector 4 of Trench 2. This was the deepest 
deposits excavated in the mound. Bottom: Argopecten shells with organic remains found 
at the bottom of the south end of Sector 4 (Stratum 12).
6.4.4. Area 2
6.4.4.I. Profile South
This profile records a sequence of events from the construction of the adobe 
architecture (Second Phase) to the deposition of the domestic midden deposits of the 
Third Phase of occupation that covers the whole cultural and natural sequence of this part
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of the mound (Figure 6.41). The stratigraphic reconstruction that follows is a general and 
broad description that includes the most noticeable strata.
- Stratum 1: domestic midden deposit composed of fine-grained very dark sand 
with abundant and very small organic remains such as fish bones, seeds, charcoal, 
and ash.
- Stratum 2: stone-and-clay wall with a round corner at the southwest side
- Stratum 3: remains of a clay surface (floor) associated with the clay-and-stone 
wall of stratum 2.
- Stratum 4: dark-colored fine-grained sand with organic domestic refuse 
composed of marine shells, fish and marine mammal bones, and charcoal. This 
stratum corresponds to remains brought into the adobe room by runoff that caused 
the collapse of the central part of the south adobe wall.
- Stratum 5: adobe wall with stone foundation.
- Stratum 6: clay floor associated with the adobe structure.
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Figure 6.41. Views of the stratigraphy recorded in Area 2; a and b: southwest corner of 
the unit showing the superimposition of the stone-and-clay round wall to the square 
adobe architecture; c: remains of the clay floor associated with the stone-and-clay wall; d: 
remains of the late clay floor to the east side of the unit; e: general view of the south 
profile of Area 2 in which the sequence of adobe architecture-collapse-stone architecture- 
domestic midden is shown.
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6.4.5. General Stratigraphic Interpretations
The stratigraphic analysis of Los Morteros supports the finds in the excavation 
units. Profiles in Trench 1 and Area 4 help to understand part of the late sequence of the 
site; the stone architecture recorded near the modern surface seems to represent the most 
recent (formal) occupation of the site. Late Preceramic tombs likely associated with this 
occupation have been found in deposits close to the stone architecture levels. However, a 
tomb found in the east profile of Area 4 at a depth of 2 m from the surface could indicate 
earlier funerary events at Los Morteros. In addition, stratum 7 in the west profile of 
Trench 1 shows an even earlier activity surface composed of a dense layer of Mesodesma 
shells with other organic refuse (charcoal) recorded on the northeast side of Trench 1. So 
far, the events recorded in profiles from the top of the mound seem to correspond to late 
phases of the site but only the latest one (stone architecture) has permanent structures.
The stratigraphy recorded in the lower mound (Trench 2 and Area 2) recorded the 
earliest deposits so far excavated at Los Morteros, where the earliest deposits correspond 
to stone hearths with Argopecten shells followed by the construction of the adobe 
architecture and later the stone-and-clay wall which, based on its physical characteristics, 
could be associated with the stone architecture of Area 1 (top of the mound).
The domestic midden deposits that covered the structures in Area 2 correspond to 
this late stone architecture according to the radiocarbon dates obtained from these 
deposits (see Chapter 9 for a detailed discussion of the chronology of Los Morteros). The 
current location and extension of these domestic middens on the lower sectors of the 
mound seem have been caused in great part by post-depositional events.
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6.5. Chapter Interpretations and Conclusions
Excavations and stratigraphic analysis of Los Morteros have uncovered a complex 
site occupation history. Six units were excavated in three different sectors of the site: top, 
center, and northwest end. Excavations in these three sectors have uncovered permanent 
structures, which include domestic and non-domestic architecture as well as earlier 
activities associated with a stone-hearth in the deepest deposits excavated so far. Previous 
excavations at Los Morteros did not find evidence of architecture of any kind, 
consequently this site was considered to have served as a funerary area with remains of 
some domestic (non-permanent) activities associated with the exploitations of marine 
resources.
The materials recovered during the excavations at Los Morteros were mostly 
organic resources composed of fish bones, marine mammal bones, bird bones, macro and 
micro botanical remains, seeds, charcoal, and invertebrate species. The bulk of these 
materials, however, corresponds to the Third Phase of occupation of the site and 
consequently is informative almost exclusively of these phases. Chapter 8 discusses in 
detail these findings and the analysis done of these materials. Also, Chapter 7 explains 
and discusses the architectural sequence of Los Morteros in detail.
Excavations at Los Morteros, Conchal Viejo, and Los Pescadores provided 
valuable information and reliable radiocarbon dates to re-assess the Preceramic 
chronology of Pampa de las Salinas, which is discussed extensively in Chapter 9.
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CHAPTER 7
THE PRECERAMIC ARCHITECTURE OF LOS MORTEROS
7.1. Introduction
Los Morteros is a mound-shaped site of large dimensions (200 m x 225 m and 15 
m height), which is entirely covered by several meters of wind-blown sand. Excavations 
at Los Morteros had two main objectives in terms of site occupation: 1) uncover 
architecture detected in previous georadar explorations of the mound (Sandweiss et al. 
2010; Kelley et al. 2013) and 2) elaborate a stratigraphic sequence of human occupation. 
To fulfill these objectives, the excavations were focused on three sectors of the mound: 
top, center, and northwest end. Six excavation units were opened in these three sectors. 
Area 1, Area 4, and Trench 1 were placed on top of the mound; Area 3 and Trench 2 
were opened in the center, while Area 2 explored the northwest end of the site.
The stratigraphic sequence obtained with these excavations is discussed in detail 
in Chapter 6. This chapter presents the architectural characteristics of the Preceramic 
occupation of Los Morteros based on the nature of the findings, the stratigraphic 
correlation, and the radiocarbon dates obtained from these contexts. I describe contexts 
and architecture found at Los Morteros in chronological order as occupational phases, 
starting from the earliest contexts so far excavated. At this point it is important to note 
that even when excavations in 2012 reached deep levels (some of them were more than 4 
m in depth), I just started to uncover some of the most superficial contexts of Los 
Morteros, which has deeper and earlier deposits to unveil.
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7.2. Stone Hearths (1st Occupation Recorded)
The deepest deposits so far excavated at Los Morteros were uncovered in Trench 
2, in the central sector of the mound, which is the lowest part of the site (Figure 7.1). In 
this unit, Sector 4 was a sub-unit measuring 10 m long (N-S) by 2 m (E-W) wide. Sector 
4 was excavated to an average depth of ~1.2 m. Since no considerable remains were 
recorded in Sector 4, I decided to stop excavations at layer 6. However, to test deeper 
deposits of this part of the mound, a test pit of 0.8 m x 0.8 m was excavated in the center 
of Sector 4 (Figure 7.4; for more details refer to Chapter 6). The excavation of this test pit 
ended when a stone hearth was found at a depth of ~1.5 m below the bottom of level 6 in 
Sub-sector 4.
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Los Morteros Archaeological Site 
Pampa de las Salinas
Figure 7.1. Aerial photo of Los Morteros showing the sectors where the three phases of 
occupation were recorded (Photo: Proyecto Arqueologico Los Morteros-Pampa de las 
Salinas).
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This hearth was a round feature (~30 cm diameter) ringed by small angular rocks 
(< 15 cm), inside which were remains of ash, charcoal, and small fish bones (Figure 7.2). 
This hearth was found covered by Argopecten and Fissurella shells (Figure 7.3). This 
feature yielded a 2o calibrated date of 5726-5477 yrs. BP (for a detailed discussion of 
radiocarbon dates and chronology of the site see Chapter 9). This radiocarbon date 
confirmed the stratigraphic position of this finding as the oldest context and the oldest 
occupation phase found at Los Morteros during the 2012 field season.
I interpret this stone hearth as an early occupation of the mound, the earliest phase 
so far recorded at Los Morteros, possibly related to an occupation of the mound by 
groups of people focused on the exploitation of the resources available in the area 
(marine, wetland, and riverine resources), perhaps with no significant architecture built. 
However, this interpretation may change as the 2012 investigation revealed a very small 
part of this early phase.
On the other hand, based on the characteristics of the mound and the depth of this 
finding, it is highly probable to find even older evidence of human occupation at Los 
Morteros in deeper deposits in this and other sectors of the mound (Figure 7.4; see the 
conclusions section below).
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Figure 7.2. Stone hearth found in Trench 2; a to c: sequence of excavation of the stone 
hearth, Argopecten and Fissurella shells covered the hearth containing charcoal, ash, and 
small fish bones; d: photo of the pit from a ladder outside of Trench 2.
Figure 7.3. Argopecten, Fissurella, Concholepas and other marine shells found covering 
the stone hearth (Fissurella shells are the three at the bottom right in both photos).
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Figure 7.4. Geologist Margot Mansfield getting out of the test pit where the stone hearth 
was found.
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7.3. The Adobe Architecture (2nd Occupation Recorded)
The northwest end of Los Morteros was explored through the excavation of Area 
2, where a mud-brick or adobe structure was recorded. This structure is located 
stratigraphically ~1.5 m above the oldest stone hearth from Trench 2 (south of Area 2, 
Figure 7.1). For this and other reasons (see below) for now I have interpreted this 
structure as a second phase of occupation of Los Morteros, following the deepest stone 
hearth of Trench 2.
As noted in Chapter 6, a high density of organic material in domestic middens 
covered this part of the mound , so I decided to excavate the interior of this structure 
along its south and east walls. Therefore, the available information corresponds to what 
was visible in the 2 m wide trenches excavated parallel to these walls.
The uncovered mud-brick structure was a rectangular room of 7.1 m wide (E-W) 
by 10 m long (N-S). The walls of this room have a foundation of medium-sized quarried 
rocks, with flat surfaces facing the interior of the room mortared with clay (Figure 7.5). 
The upper part of the walls was made of a series of rows of rectangular mud bricks 
placed on a reddish clay mortar.
All adobes were rectangular in shape and approximately 30-50 cm long x 15 cm 
wide x ~7 cm in height (Figure 7.6). The adobes from Los Morteros have particular, 
distinctive compositional characteristics. These bricks were made of fine clay with 
apparently no macro or micro remains added as temper elements to strengthen the clay. 
Ongoing analysis on these adobes will shed more light about their chemical composition 
and micro-structure. However, the available data indicate that these primitive adobes are
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the antecedents of later adobes bricks that were made by a combination of clay and 
temper elements. The “primitive adobes” of Los Morteros seem to contain only clay and 
were probably made by basic manipulation (without molds) of the clay in the state in 
which it was found (likely from a local source). This means that these “primitive adobes” 
could have been made by extracting clay from the source and giving the form by hand 
afterwards or directly cutting pieces off from a natural, water-laid clay deposit. The 
texture of these adobes is very smooth and they are easily crumbled to the touch (Figure 
7.7). For the purpose of this document I use the term “primitive adobes” to refer to these 
mud-bricks even when they do not seem to have been made the way later adobes (clay 
plus tempers) were made. I keep the term “adobe” because the mud bricks from Los 
Morteros contain the basic characteristic of adobes, which is to be unfired-clay/mud 
bricks.
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Figure 7.5. View of part of the north wall and northeast corner of the adobe room, which 
have a base of flat-faced rocks.
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Figure 7.6. Examples of the shape and dimensions of the adobe bricks. Left: upper wall 
of the southwest corner; right: southeast corner.
Figure 7.7. Close view of the internal structure of an adobe from Los Morteros. The 
macro examination suggests evidence of layering of the fine-grained components (clay 
and likely salt grains) which would indicate that the clay was cut from a natural deposit.
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The internal faces of the walls were covered with a clay plaster (Figure 7.8). The 
south wall of this room was eroded in the center by a runoff channel (see Chapter 6). The 
walls have a preserved height between ~1.8 and ~2 m at the southern corners of the 
structure, which represents the minimum height of these walls (Figure 7.9). The east wall 
was also affected by this channel throughout its length. However, it seems that most of 
the east wall was originally lower than the south wall because this room was designed to 
have two levels, with the floor at the south being lower than at the north. The east wall 
was ~1.8 m height on the southeast corner and ~1 m height in the rest.
Figure 7.8. Southwest corner of the adobe room where it is possible to see the clay plaster 
on the walls.
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The interior of the room has an orange clay floor; this floor was well preserved 
adjacent to the south wall (Figure 7.10). In the east side of the room, the clay floor was 
very deteriorated with holes, cracks, and remains of ash from intrusive deposits (Figure 
7.10).
Although I did not excavate the entire room it was possible to record part of the 
internal configuration of this structure. The internal space is divided by a clay-and-stone 
wall of about 20 cm height by 30 cm width. This wall not only divides the space 
horizontally but also vertically, into a lower level to the south and a higher level to the 
north (Figure 7.11). Approximately 20 cm north of this internal wall and attached to the 
east wall, a square feature made of clay of about 40 cm by 40 cm and 20 cm high was 
recorded. This particular element could have served as a sort of pedestal on which to 
place special items, although to date there is not much evidence that I can use to propose 
a likely use of this feature (Figure 7.11).
A square shape on part of the upper section of the partially uncovered north wall 
(Figure 7.12) suggests the presence of some sort of niches at least on this side of the 
room. Nevertheless, more excavations are needed in order to confirm this possible 
architectural feature.
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Figure 7.9. Examples of the preserved height of the south and east walls; left: southwest 
corner (~2 m); right: southeast corner (~1.8 m).
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Figure 7.10. The clay floor of the adobe room; top: clay floor along the south wall; 
bottom: state of preservation of the floor along the east wall.
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Figure 7.11. Details of the internal wall and the “pedestal” in the adobe room; top: views 
from north to south; bottom: views from south to north, in these photos is possible to see 
that the floor of the northern part of the room was higher than the southern part.
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Figure 7.12. North wall of the adobe room, notice a square shape in the upper left wall.
The excavation of the mud brick structure in Area 2 uncovered architecture of 
singular characteristics that haven’t been reported in Pampa de las Salinas or the rest of 
the Chao Valley. In fact, to date there are no corresponding examples reported from 
Preceramic sites in Peru. In Aspero, Moseley and Willey (1973) and later Feldman 
(1980) reported in situ adobes in a profile of Huaca Alta and as loose materials of Huaca 
de los Idolos (Feldman 1980: 43). Feldman mentioned the presence of adobe walls in the 
lower part of Huaca Alta and as loose pieces of adobes outside of the west wall of Los 
Idolos, however he called this a minor technique since most of the structures of the
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Aspero mounds were made with angular or rounded boulders. Feldman describes the 
adobes of Huaca Alta as handmade rectangular bricks of different sizes. However, the 
architectural technique in Aspero is very different from that of Los Morteros, since 
adobes on the walls of Huaca Alta were interspersed with rocks and not the main 
structural material as in the case of Los Morteros (Figure 7.13). Moreover, Feldman 
mentioned that these adobes were made with a high sand content which is another 
difference between Aspero and Los Morteros. No radiocarbon dates were obtained from 
Huaca Alta. Feldman infers that Huaca Alta and Los Idolos could have been 
contemporary based on the proximity of the buildings and their orientations, however he 
states that the levels that would correspond to the adobes in Huaca Alta were not 
excavated at Los Idolos (Feldman 1980: 52).
Figure 7.13. Internal profile of Huaca Alta at Aspero, Supe Valley. Red arrows show 
location of adobes interspersed with rocks as basal elements of construction (Photo: 
Cecilia Mauricio).
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The lack of materials directly associated with the room makes it difficult to 
propose a function for this space; however, the Mortereans evidently made a large 
investment of economic and human resources in the construction of this structure, which 
was technically sophisticated and carefully elaborated to serve purposes that were beyond 
domestic activities (Figure 7.14). I propose that this adobe room was a special space at 
Los Morteros probably used to perform some sort of ceremonies that involved the 
participation of the inhabitants of Pampa de las Salinas.
Figure 7.14. Aerial photo of the adobe room, northwest end of the mound. This room is 
10 m long (N-S) by 7 m wide (E-W). The green fence is a windbreak built to protect the 
excavation against the strong coastal winds of the area (Photo: Proyecto Arqueologico 
Los Morteros-Pampa de las Salinas).
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Apparently, the importance of this space endured through the next phase of 
occupation of Los Morteros, when a stone-and-clay wall was built directly over the adobe 
room (Figure 7.15). A large angular stone (~1.2 m long) was found on the surface to the 
north of this wall, in the internal space of this structure. This stone was very similar to the 
standing stone found on top of the mound, inside a similar stone structure that represents 
a later phase of occupation of the site. Another element in common between the stone- 
and-clay structure on northwest end of the site, and the stone architecture on the top of 
the mound, is the presence of round corners. Unfortunately, our excavations only 
recorded part of this room, therefore at the moment if not possible to propose dimensions 
of the enclosed space Finally, these two structures share the use of angular stones and 
clay as primary construction materials. All of these let me associate these findings with 
the third phase of occupation found during field season 2012, whose architectural 
characteristics are described below.
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Figure 7.15. Clay-and-stone wall with round corner built above the previous adobe 
structure. This corner of the adobe room was found during the cleaning of the huaquero 
pit that appears in this picture.
A radiocarbon analysis on a twig found in a crack on the clay floor, associated 
with intrusive domestic refuse that collapsed into the structure, yielded a 2o calibrated 
date of 5469-5050 yrs. BP (see Chapter 9). This date places the deposits covering this 
adobe structure later than the stone hearth and practically contemporary with the Third 
Phase of occupation (see below). Unfortunately, there were no organic remains directly 
associated with the adobe structure. Based on the stratigraphic position of the adobe room 
~1.5 m above the elevation of the stone hearth and directly below the stone-and-clay wall 
that is almost identical to the architecture found on top of the mound (that yielded a
232
younger radiocarbon date than the stone hearth, see below), I hypothesize that the age of 
the mud-brick structure can be bracketed by these two dates. A detailed discussion about 
the chronology of the site is provided in Chapter 9.
7.4. The Stone Architecture (3rd Occupation Recorded)
The excavation of Area 1 at the top of the mound uncovered the remains of stone 
architecture almost at the modern surface of this part of the site.
This architecture was composed of the remains of a large room and an adjacent 
platform. The primary building materials were angular medium-sized rocks and clay. The 
internal space of the room was delimited only by the north wall and part of the west wall. 
The north wall was made of angular rocks attached with an orange-colored clay mortar 
and had a preserved length of around 12 meters (E-W) (Figure 7.16). The northwest 
corner of the room was round and the wall continued to the south for about 2.5 m (Figure 
7.16). No other walls of the room were preserved and the original extension of the walls 
could not be recorded. A thick orange-colored clay floor was found along much of the 
north wall and 2 m to the south. A hearth was situated in the floor to the east side of the 
room (Figure 7.17). This hearth contained abundant remains of ash, charcoal, and marine 
shells. A trash pit containing organic remains such as charcoal, fish bones, and sea lion 
bones was recorded to the west. Most of the surface of this floor contained pieces of 
marine shells and traces of ash (Figure 7.17).
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Figure 7.16. View from the east (top) and west (bottom) of the stone room. The north 
wall was ~12 m long and had round corners.
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Figure 7.17. Clay floor of the stone structure; left: hearth on the east side of the floor; 
right: surface on the west side of the room. The white spots on the floor are pieces of 
marine shells.
A particular feature of this room was a tall standing stone (huanca) found in situ, 
almost at the center of the room (Figure 7.18). The visible length of this huanca was 1.3 
m but its total dimension is unknown since it was sunk in the ground (Figure 7.18).
Two post holes were found on the clay floor to the east and west of the structure, 
a few centimeters from the north wall. These findings suggest that the room had a 
covering that functioned as a roof, probably supported by wooden posts.
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Figure 7.18. The standing stone or huanca in the stone structure uncovered on top of the 
mound.
236
A stone platform was attached to the west of this room. This structure was a flat 
surface made with angular rocks whose flat sides made the surface of the platform. The 
preserved extension of this platform was 4 m (N-S) by 2 m (E-W) and 20 cm height; 
however, this structure seems to have been much larger (Figure 7.19).
Figure 7.19. Stone platform attached to the large room; a and b: views from east and west 
sides, respectively; c and d: views north and south.
Four stone hearths were recorded outside this architecture, between 1 and 2 m 
towards the north (Figure 7.20). Nevertheless, the relationship between these hearths and 
the architecture is unclear, since the hearths could be remains of a later use of the site by
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occasional visitors. On the other hand, it is likely that these were used by the residents of 
the stone structures for cooking and to provide heat and light during the nights. Hearths 
outside dwelling structures have been reported for Village 1 at Chilca (cal. 4849-4455 
yrs. BP; Engel 1966). The Morteros hearths contained big pieces of charcoal, ash, fish 
bones, and cotton seeds.
In Area 1, Sector 4 was placed outside of the stone room with the objective of 
exploring the other side of the north wall. In this sector, excavations found what seems to 
have been a wall formed by angular rocks. This wall went from south to north for about
1.5 m and seems to have been attached to the large north wall of the stone structure 
(Figure 7.21). However, the rocks didn’t show remains of clay mortar as in the case of 
the stone room (probably because of wind erosion). This small wall indicates that the 
stone architecture on this part of the mound was originally much larger, probably other 
stone structures were built over other areas covering a much larger area of the mound top. 
This seems to be indicated by the presence of medium-sized and large rocks over much 
of the surface of the top.
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Figure 7.20. Stone hearths recorded on top of the mound, close to architecture in Area 1; 
a and b: hearths north of Sector 1; c: hearth north of the stone platform; d: hearth 
excavated in Sector 4; e: profile of hearth in Sector 4.
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Figure 7.21. Stone wall found in Sector 4.
This stone architecture —and consequently the third phase— has yielded a 2o 
calibrated date of 5570-5041 yrs. BP, based on burnt cotton seeds (see Chapter 9). The 
overall characteristics of this occupation are diagnostic of some architectural traditions of 
the Late Preceramic. The presence of huancas has been reported at several Preceramic 
sites of the Norte Chico area, such as Caral, Bandurria, Bermejo, Vegueta, Era Pando,
Rio Seco de Leon, and El Paraiso, where these stones are generally related to sunken 
circular plazas (Lanning 1967; Fung 1988, 1999; Quilter 1991; Shady 2003; Falcon 2004; 
Chu 2008; Shady et al. 2009). Round corners have been reported for some Mito Tradition 
sites in the central highlands (Kotosh and Galgada; Izumi and Terada 1972; Grieder et al. 
1988), in a platform reported at Culebras in the Huarmey Valley (Engel 1957b; Fung 
1988), and at the site of El Silencio in the middle Santa Valley (Montoya 2007).
However, this is the first time that huancas and round corners have been reported
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together in the Chao Valley or anywhere else. These elements, together, define a kind of 
architecture very particular to Los Morteros (Figure 7.22) that could have been a 
reference for the later preceramic sites.
With great regret I have to say that almost all of the recorded stone architecture at 
the top of Los Morteros was recently destroyed by grave robbers who attacked the site 
between January and March 2014. This act of vandalism has destroyed the floor of the 
room, the stone platform, and sunk the huanca into a big pit opened by the robbers. At 
least four tombs were also looted; two of these burials were underneath the stone 
platform, the other two were outside the room (north) (Figure 7.23 to 7.26). I have 
denounced this attacked to the office of the Ministry of Culture in Trujillo in several 
letters describing in detail this irreparable damage done to this unique evidence of the 
ancient history of this valley. However, to date I have not received any answer from the 
local office of the Ministry of Culture. For the record, I provide here some photos of the 
current state of this structure. With the help of some workmen who were assisting me in a 
survey of the nearby area, we covered with sand what it was left of this architecture.
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Figure 7.22. Aerial photo of the stone architecture on top of Los Morteros.
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Figure 7.23. Damage caused to the huanca and the clay floor of the stone architecture.
Figure 7.24. Preceramic human burial looted from the underneath the stone platform.
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Figure 7.25. Current state of the stone platform at Los Morteros.
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Figure 7.26. Cover of the looter’s pit and the clay floor of the stone architecture with sand 
to protect them against wind erosion.
7.5. Chapter Conclusions
In this chapter I have presented the architecture recorded at Los Morteros during 
the excavations of 2012. This architecture corresponds to three different phases of 
occupation of the site. Although these represent successive phases of the use of the site, 
the presence of much deeper deposits at Los Morteros indicates that there are likely older 
human contexts in this site.
The adobe architecture found at Los Morteros is a unique example of a non­
domestic early complex structure that has not been yet reported for any other Preceramic
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site of the Peruvian Andean region. The remarkable characteristics of this structure 
indicate a high investment of human and economic resources put into this activity, which 
would have involved the participation of the community of Pampa de las Salinas. 
Although the function of this architecture is still not completely clear, its size and interior 
architectural features indicate that this was a very important space for the inhabitants of 
Pampa de las Salinas, the use of which went well beyond domestic activities. On the 
other hand, how this kind of structure originated at Los Morteros is a question that needs 
to be clarified, since the characteristics of the previous occupation at Los Morteros, as it 
has been recorded so far, have nothing in common with this complex structure.
As described above, the stone architecture has some elements that can be found in 
other Late Preceramic sites of the Peruvian Andean region. Nevertheless, the entire 
configuration of the architecture of this late phase of Los Morteros, although it has some 
elements in common, it is not entirely an example of the Mito Tradition from the central 
highlands, nor of the coastal tradition of the Norte Chico. Moreover, the radiocarbon 
dates associated with this architecture place Los Morteros as the oldest Late Preceramic 
site with this kind of architectural features (see Chapter 9). As mentioned in Chapter 6, it 
seems that this masonry architecture existed in other sectors of the mound, however since 
these were late, near-surface structures left exposed, the preservation is poor. There is no 
evidence of the way in which these different sectors were connected or what means were 
used to access the structures on the summit.
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Figure 7.27. Synthesized graphic explaining the calculation of the rate of sand 
accumulation in Los Morteros. This rate is based on mid points of calibrated radiocarbon 
dates of the recorded occupations.
Finally, this investigation has proved that Los Morteros is not a natural mound but 
rather an artificial one with several phases of occupation and the presence of complex 
preceramic buildings. Using elevations obtained in DEM of the mound and the mid 
points of the calibrated dates from the oldest (5616 yrs. BP) and youngest (5281 yrs. BP) 
contexts recorded during this study, we have obtained a rate of sand accumulation of 335
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years for 2.7 meters of sand (Figure 7.27). Using this rate and considering that there are 
~10 m from the alluvial fan deposits over which the mound was built to the stone hearth, 
the occupation/construction of the mound could have started at around 7000 yrs. BP. A 
similar date has been recently proposed by Dillehay et al. (2012) for the beginning of the 
mound of Huaca Prieta.
In Chapters 9 and 10, I discuss in more detail the contexts and chronology of Los 




THE ORGANIC ASSEMBLAGE: FAUNAL, FLORAL, INVERTEBRATES, AND 
COPROLITE REMAINS. ANALYSES AND INTERPRETATIONS
8.1. Introduction
The organic assemblage recovered from the excavations at Los Morteros, Los 
Pescadores, and Conchal Viejo is composed of marine mammals, marine fishes, marine 
invertebrates, macro-and micro-botanical remains, and human coprolites. The majority of 
this assemblage came from Los Morteros where the most extensive excavations were 
carried out. Therefore, with the exception of malachological samples and ray bones 
collected at Conchal Viejo, all analyzed remains reported here were recovered at Los 
Morteros.
The bulk of the organic remains from Los Morteros was found in a domestic 
midden area located over and around unit 2 (Area 2, northwest side of the mound). This 
domestic refuse corresponds to the Third Phase of Occupation recorded for this site (see 
Chapters 6 and 7), which is also associated with the stone architecture found on top of the 
mound (Area 1). Consequently, the interpretation of these data will refer mostly to 
aspects of that Third Phase of occupation of Los Morteros.
It is important to mention that even when the data in this chapter are presented by 
units, sectors, and levels of excavation, this responds to methodological purposes to 
process, analyze, and present the information in an orderly fashion. Most standard 
measurements of faunal collections such as richness (the number of taxa in each
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collection), diversity (measurement of specialization, the relative importance of species 
present), equitability (the degree to which species are equally abundant), and trophic 
levels (position of species in a food chain) (Grayson 1984; Reitz and Wing 1999; Reitz et 
al. 2015), were not considered in this study since almost all the collection comes from a 
secondary deposit. For example, in the case of Area 2 where most of the organic remains 
have been recovered, the midden deposits are secondary, carried over to this part of the 
mound by post-depositional processes from nearby areas (see Chapter 6). Nevertheless, 
stratigraphic correlation, the radiocarbon dates, and the organic content indicate that these 
deposits correspond to the Third Phase of occupation of the site, associated with the 
surface stone architecture recorded on top of the mound (see Chapters 6 and 7).
Therefore, it is hard to use these data to assess certain topics such as changes in climate 
conditions, natural availability, or food habits (cultural preferences, specialization, etc.) 
(Reitz and Wing 1999; Reitz et al. 2015). Only ubiquity and ubiquity percentage were 
estimated for fish assemblages of the different units of Los Morteros. This measurement 
was done in order to assess the similarity between samples that were supposed to 
correspond to the same phase of occupation, particularly samples from levels associated 
with the Third Phase (see section 8.2.2). I decided to use fishes for this analysis since 
these were the remains most evenly recovered in Los Morteros.
On the other hand, in the case of organic materials recovered from Trench 1, the 
content of the uppermost levels of excavation (see Stratigraphy section in Chapter 6) 
might correspond to domestic refuse of this Third Phase but these are not primary 
deposits either. Moreover, the content in deeper levels, collected down slope, are likely to 
be also secondary collapse from other occupations not yet recorded by our excavations
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—except for the Mesodesma strata in Trench 1, described in Chapter 6 (but not 
excavated), and the remains from the stone hearth of the First Phase in Trench 2 and 
remains from level 6 (see below and Chapters 6 and 7).
The analyzed samples presented in this chapter were recovered in three ways: 1) 
direct recovery during the removal of deposits from the excavation units; 2) by sieving of 
sediments using 1.5 mm and 3 mm nested screens; and 3) by micro-botanical analyses of 
selected sediment samples.
This chapter shows the results for the organic assemblage of three main 





The analyzed sample corresponds to 2058 specimens collected at four excavation 
units at Los Morteros: Area 1, Area 2, Trench 1, and Trench 2. However, the majority of 
the mammal remains came from Area 2 followed by Area 1.
The analysis was done by Lic. Ali Altamirano. The classification and 
quantification of specimens followed Reitz and Wing (1999). For this analysis specimens 
were classified as diagnostic, non-diagnostic, and unidentified. The diagnostic specimens 
were those preserved well enough to identify the skeletal element and to make a
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taxonomic identification. The non-diagnostic specimens were those that could not be 
identified as a specific skeletal element due to poor preservation. The unidentified 
specimens were those that could be identified as a skeletal element but couldn’t be 
taxonomically identified.
The MNI was established based on principles of symmetry, size, and age of the 
specimens. The taxonomic identification was done using comparative specimens and 
specialized literature (Jefferson et al. 1993; Reyes and Molina 1997; Reitz and Wing 
1999; Reyes 2009). The species that were used as comparative mammal samples were: 
Otaria flavescens (South American sea lion), Arctocephalus australis (South American 
fur seal), Delphinus delphis (dolphin), Delphinus capensis (dolphin), Phocoena 
spinipinnis (Burmeister s porpoise), Tursiops truncatus (Bottlenose dolphin), and 
Pseudalopex culpaeus (Andean fox).
The data presented in this section summarize the mammal information in terms of 
NISP and MNI. This information considers only identified species.
8.2.I.2. General Results
The mammal assemblage of Los Morteros is composed almost exclusively of 
marine mammals (the other mammals identified are rodents and dogs). Among the 
marine mammals, sea lions are the most abundant and frequent species in Los Morteros, 
with Otaria flavescens and Otaria sp. as the most important mammals. Other identified 
mammals in this sample were Arctocephalus australis, Phocoena spinipinnis, Delphinus 
sp., Tursiops turcatus, Phocoena spinipinnis, among others (Table 8.1 and Figure 8.7).
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This means that besides sea lions, the other sea mammals exploited by the Mortereans 
were dolphins and other cetaceans.
The most frequent kinds of bones in the marine mammal sample were vertebrae, 
flipper bones, and cranial bones in that order (Figures 8.1 to 8.5). Because of the types of 
remains, the sex identification of the species was a difficult task. However, when 
possible, we tried to identify the age of the specimens, classifying them as adults and 
juveniles (see below). Many of these mammal bones had cut marks and several were 
burnt (Figure 8.6). So far, there is no evidence of the use of mammal bones as tools, for 
ornamentation or ritual activities. Thus, the collected assemblage generally exhibits 
patterns of consumption (cutting and burning), which seems to have been the main use 
given to these species. Finally, all the identified taxa correspond to the current cold water 
conditions of the Peruvian ocean.
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Figure 8.1. Cranial bones of an adult male Otaria flavescens (South American sea lion; 
locally known as lobo marino sudamericano or lobo chusco de unpelo). A: ventral view; 
B: dorsal view; C: anterior view; D: lateral view.
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Figure 8.2. Bones identified as Otaria flavescens (South American sea lion; locally 
known as lobo marino sudamericano o lobo chusco de unpelo). A: left femur, posterior 
view; B: left femur, anterior view; C: Calcaneus, posterior view; D: Calcaneus, medial 
view; E: humerus of a juvenile indivudual, F: humerus of an adult individual.
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Figure 8.3. Cetacean bones from Los Morteros. A and B bones of Phocoena spinipinnis 
(thorny porpoise; locally known as marsopa espinosa). A: atlas, anterior view; B: lumbar 
vertebra, dorsal view. C to E bones of Delphinus sp. (common dolphin; locally known as 
delfin comun); C: lumbar vertebra, dorsal view; D and E: ventral and dorsal view of a 
fragment of a tympanic bulla.
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Figure 8.4. Anterior view of a Arctocephalus australis femur (locally known as lobo 
marino fino de dos pelos).
Figure 8.5. Sea lion skeleton indicating the kinds of bones most commonly identified in 
Los Morteros (Illustration: Ali Altamirano).
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Figure 8.6. Sea lion bones recovered in Area 2. Several of these bones were found burnt 
(right).
Scientific name Common Name NISP % MNI %
Otariidae Sea  lion 177 27.61 62 31.79
Otaria flavescens South Am erican sea lion 256 39.94 59 30.26
D elphinidae 10 1.56 5 2 .56
Cetacean 12 1.87 8 4 .10
Phocoena spinipinnis B u rm eisters porpoise 31 4.84 7 3.59
Arctocephalus australis South Am erican fur seal 2 0.31 2 1.03
D elphinus sp. Com m on dolphin 2 0.31 2 1.03
cf. Tursiops truncatus B ottlenose dolphin 1 0.16 1 0.51
Rodentia Rodent 5 0.78 4 2.05
U nidentified mammal 145 22.62 45 23.08
TOTAL 641 100 195 100
Table 8.1. General count of mammal species found at Los Morteros.
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Figure 8.7. Total MNI % of the mammal assemblage of Los Morteros.
8.2.I.3. Quantitative Analysis
A. Area 1
All mammal materials recovered in Area 1 correspond to layer 1. The mammal 
remains of this unit (177) consisted mostly of non-diagnostic specimens. Based on the 
diagnostic specimens it was possible to identify four Otaridae sp. and three individuals of 
Otariaflavescens (South American sea lion) (Table 8.2 to 8.5). The diagnostic specimens 
identified for this species were mostly parts of the front and rear flippers (radius, 
phalanges, astragalus), and vertebrae (atlas and apifisis), being the astragalus the most 
frequent elements (2). An adult male of Otaria flavescens was identified based on the 
dimension of an ulna. Seven diagnostic elements of Otariidae were also identified, which 
correspond to a juvenile individual (vertebrae, falange, radius, and escapula). All the
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identified sea lions were found in Sector 4. Finally, the identified mammals in Area 1 
included one rodent found in Sector 2.
AREA 1
Scientific name Common name NISP % MNI %
Otariidae Sea lion 7 41.18 6 50
Otaria flavescens South Am erican sea lion 6 35.29 3 25
Rodentia Rodent 1 5.88 1 8.33
M am m al unidentified 3 17.65 2 16.67
TOTAL MAMMALS 17 100 12 100
Table 8.2. Total count of mammal remains found in Area 1.
A1-S2-C1
Order Family Species NISP MNI
R odentia 1 1
C arnivora O tariidae 1 1
TOTAL 2 2
Table 8.3. Identified mammal remains in Area 1, Sector 2.
A1-S4-C1
Order Family Species NISP MNI
C arnivora O tariidae O taria flavescens 6 3
C arnivora O tariidae 3 2
TOTAL 9 5
Table 8.4. Identified mammal remains in Area 1, Sector 4.
A1-S5-C1
Order Family Species NISP MNI
Carnivora Otariidae 3 3
TOTAL 3 3
Table 8.5. Identified mammal remains in Area 1, Sector 5.
B. Area 2
In Area 2 we recovered 1111 mammal specimens of which around 50% were non­
diagnostic elements. The identified mammal species in this unit were Otaria flavescens,
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Phocoena spinipinnis, Arctocephalus australis, Tursiops truncatus, and unidentified taxa 
of the genera Otaridae sp., Delphinus sp., Delphinidae, and Rodentia. Of these the 
majority and most frequent taxa were sea lions (Otaridae and Otariaflavescens) (Tables 
8.7 to 8.12; Figure 8.8). The analysis of the sea lion bones identified the presence of 33 
juvenile specimens, 11 male adult specimens, and 3 female adult specimens. This sample 
included burnt and charred bones, as well as bones with cut marks. The mammal remains 
from Area 2 are associated with the Third Phase of occupation of the site, which in turn is 
related to the midden deposits of this unit and the stone architecture of Area 1.
Scientific name
AREA 2 
Common name NISP % MNI %
Otariidae Sea lion 118 27.63 41 35.04
Otaria flavescens South Am erican sea lion 183 42.86 33 28.21
Phocoena spinipinnis B u rm eisters porpoise 31 7.26 7 5.98
D elphinidae 8 1.87 4 3.42
D elphinus sp. C om m on dolphin 2 0.47 2 1.71
Arctocephalus australis South Am erican fur seal 1 0.23 1 0.85
cf. Tursiops truncatus B ottlenose dolphin 1 0.23 1 0.85
Rodentia 4 0.94 2 1.71
U nidentified mammals 79 18.50 26 22.22
TOTAL MAMMALS 427 100 117 100
Table 8.6. Total count of mammal remains identified in Area 2.
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Figure 8.8. Total MNI % of mammals in Area 2.
A2-S1
Order Family Species C2 C3 C4 TOTALMNINISP MNI NISP MNI NISP MNI
C arnivora O tariidae O taria . flavescens 1 1 4 1 2
Cetacea O dontoceti D elphinus sp. 1 1 1
TOTAL 1 1 4 1 1 1 3
Table 8.7. Identified mammal species in Area 2, Sector 1.
A2-S2
Order Family Species C1 C2 C3 TOTAL MNI
NISP MNI NISP MNI NISP MNI
C arnivora O tariidae O taria flavescens 2 1 1
C arnivora O tariidae 2 1 3 1 2
Cetacea O dontoceti D elphinus sp. 1 1 1
U nidentified m am al 12 64 43
TOTAL 14 1 67 2 46 1 4
Table 8.8. Identified mammal species in Area 2, Sector 2.
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A 2-S3
O rder Fam ily Species
C2 C3
T O T A L  M N I
N ISP M N I N ISP M N I
Carnivora Otariidae O taria flavescens 2 1 22 7 8
Carnivora Otariidae 77 14 14
Cetacea Odontoceti D elphinus sp. 1 1 1
Cetacea Phocoenidae P hocoena  spinipinnis 18 2 2
Rodentia 1 1 1
T O TAL 2 1 119 25 26
Table 8.9. Identified mammal species in Area 2, Sector 3.
A2-S3-1
O rder Fam ily Species
C8 C9
T O T A L  M N I
N ISP M N I N ISP M N I
Carnivora Otariidae O taria flavescens 2 1 1
Carnivora Otariidae 1 1 2 2 3
T O TAL 1 1 4 3 4




O rder Fam ily Species
C3 C4 C5 C6 C8 C9
T O T A L  M N I
N ISP M N I N ISP M N I N ISP M N I N ISP M N I N ISP M N I N ISP M N I
C arnivora O tariidae O taria fla vescen s 9 3 10 2 8 1 3 2 8
C arnivora O tariidae 10 6 8 2 9 4 12
C arnivora O tariidae A rctocephalus australis 1 1 1
C etacea D elphinidae 2 1 1 1 1 1 3
C etacea c f  Tursiops 1 1 1
C etacea Phocoenidae P hocoena spinipinnis 5 1 4 1 4 2 4
C etacea 1 1 1
R odentia 2 0
T O T A L 12 5 25 9 14 4 18 7 1 1 9 4 30
Table 8.11. Identified mammal species in Area 2, Sector 3-2.
A 2-S3-3
O rder Fam ily Species
C3 C4 C5 C6 C7
T O T A L  M N I
N ISP M N I N ISP M N I N ISP M N I N ISP M N I N ISP M N I
C arnivora O tariidae O taria flavescens 12 2 10 3 30 5 31 3 13
C arnivora O tariidae 11 3 2 1 1 1 13 4 9
C etacea D elphinidae 4 1 1
C etacea Phocoenidae P hocoena spinipinnis 1 1 1
C etacea 1 1 2 1 3 3 5 2 7
R odentia 1 1 1
T O T A L 29 8 12 4 33 7 4 4 49 9 32
Table 8.12. Identified mammal species in Area 2, Sector 3-3.
C. Trench 1
In Trench 1 we recovered 682 mammal bones that were mostly non-diagnostic 
elements. Based on the diagnostic bones we identified the species Otaria flavescens, 
Arctocephalus australis, and species of the genera Otaridae, Delphinidae, and Canidae. 
Of these species the most abundant and frequent were sea lions (Otaria flavescens and 
Otraidae) that account for 70% of the identified mammals (Tables 8.13 and 8.4; Figure 
8.9). The majority of the sea lion bones corresponded to flipper bones (phalanges, 
carpals, and metapods). Five sea lion specimens corresponded to juvenile individuals and 
one was a cranium of an adult male. The sample from this unit contained burnt and 
unburnt bones.
Mammal bones from Trench 1 were collected from levels 2, 3, 5, 6, 7, 8, 12. Of 
these deposits only the first three levels can be associated —indirectly— with the Third 
Phase of occupation of Los Morteros as secondary deposits. The rest of the levels are 
hard to associate with a phase of occupation or to an activity surface.
Scientific name
TRENCH 1 
Common Name NISP % MNI %
Otaria flavescens South Am erican sea lion 63 37.50 22 45.83
Otariidae Sea lion 49 29.17 12 25
Arctocephalus australis South Am erican fur seal 1 0.60 1 2 .08
D elphinidae D olphins 2 1.19 1 2 .08
Canidae 1 0.60 1 2 .08
M am m als unidentified 52 30.95 11 22.92
TOTAL MAMMALS 168 100 48 100
Table 8.13. Total mammal remains in Trench 1.
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O rder Fam ily Species
C2 C3 C5 C6 C7 C8 C12 T otal
M NIN ISP M NI N ISP M NI N ISP M NI N ISP M NI N ISP M NI N ISP M NI N ISP M NI
C a rn iv o ra O ta riid ae
O ta r ia
fla v e s c e n s
1 1 12 3 6 2 21 8 5 4 1 1 5 3 22
C a rn iv o ra O ta riid ae 20 5 5 4 6 2 4 1 12
C e ta c e a D e lp h in id ae 1 1 1 1 1
C a rn iv o ra O ta riid ae
A rc to c e p h a lu s
a u s tra lis
1 1 1
C a rn iv o ra C a n id a e 1 1 1
R o d e n tia 1 1 1
T O T A L 1 1 34 10 12 7 21 8 12 7 6 3 5 3 38
Table 8.14. Identified mammal species in Trench 1.
D. Trench 2
In Trench 2 we recovered a total of 88 mammal bones that were mostly non­
diagnostic elements. The diagnostic remains yielded a total of 10 individuals, four of 
which were sea lions and six were unidentified mammals (Tables 8.15 and 8.16). Two 




Common Name NISP % MNI %
Otariidae Sea lion 4 22.22 3 30.00
Otaria flavescens South Am erican sea lion 3 16.67 1 10.00
U nidentified mammal 11 61.11 6 60.00
TOTAL MAMMALS 18 100 10 100
Table 8.15. General count of NISP and MNI of mammals in Trench 2.
T2-S4
Order Family Species C3 C4 TOTALMNINISP MNI NISP MNI
C arnivora O tariidae O taria flavescens 3 1 1
C arnivora O tariidae 1 1 2 2 3
TOTAL 4 2 2 2 4
Table 8.16. Identified mammal species in Trench 2.
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8.2.I.4. Comments
The mammal assemblage from Los Morteros is composed mostly of sea lions 
(Otaria flavescens, Otaridae, and Arctocephalus australis) and other cetaceans such as 
dolphins and porpoises. The mammal assemblage of Los Morteros corresponds to 
patterns of consumption. So far there is no evidence of the use of these remains for other 
purposes. The majority of the mammal individuals —those from Area 2, Areal, and the 
uppermost levels of Trench 1 and Trench 2— corresponds to the Third Phase of 
occupation of the site recorded during this research.
The analyzed sample was composed of vertebrae, flipper, and cranial bones which 
might indicate that there was not much processing of the prey in the field, since low and 
high utility body parts (Binford 1978; Thomas 1996; Reitz and Wing 1999; Grimstead 
2012) were found together in the middens of Los Morteros. This pattern can be 
interpreted in different ways: the hunting area was not too distant so there was no 
meaningful difference between field processing and site processing; there were cultural 
factors influencing the selection of mammal parts to be taken to the site; or a combination 
of both and more factors.
The identification of individuals in terms of sex was difficult because of the kinds 
of bones that composed the sample. On the other hand, the sample contained juvenile and 
adult specimens with no evident preferences for one or the other. However, as noted by 
Reitz for the site of Paloma, the presence of juveniles indicates that at least part of the 
hunting was performed during the months when young individuals were at the beach 
—between November and April for the breeding season (Reitz 1988:317).
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The species identified in this analysis are typical of the current Peruvian sea. 
Today, the closest censused breeding and haul-out area on the Peruvian littoral is the 
Guanape Island and Guanape coast in the Viru Valley (de Oliveira et al. 2012), 
approximately 25 km north of Los Morteros. There is also another colony of sea lions at 
El Ferrol Peninsula in Chimbote, south of Chao (personal observation). The author did 
not find any report of sea lion colonies on the Chao coast.
The consumption of marine mammals, especially sea lions of different species, 
was an extended practice during the Preceramic Period. Sea lion bones have been 
reported in several coastal Preceramic sites such as Huaca Prieta (Bird 1948; Bird et al. 
1985a), Padre Alban (Otaria byronia or Otaria flavescens; Pozorski and Pozorski 1983), 
Alto Salaverry (Otaria byronia or Otaria flavescens; Pozorski and Pozorski 1977), 
Gavilanes (identified to the order of Pinnepedia, probably Otaria byronia or 
Arctocephalus australis; Wing and Reitz 1982), Aspero (no species identification 
provided; Feldman 1980), El Paraiso (Otaria flavescens or Arctocephalus australis; 
Engel 1967b), Paloma (Otaridae, probably Otaria flavescens; Reitz 1988), and Chira 




The analysis of Osteichthyes, or bony fish, remains was done by Lic. Isabel 
Salvatierra Berrocal from San Marcos University. The sample analyzed was composed of 
40 bags of different sizes (depending on the amount of remains found in each excavated 
layer or context), containing different kinds of fish remains such as vertebrae, otoliths, 
and cranial bones recovered from Area 1, Area 2, Area 4, Trench 1, Trench 2, and 
Conchal Viejo. Samples were collected during the excavations and during laboratory 
sample processing. In the field, materials were collected using rectangular nested sieves 
of 1 m by 0.8 m dimension with 1.5 mm and 3 mm meshes. In some cases, some samples 
were re-processed in the field lab to sort the organic materials into different categories.
Fifty percent of the analyzed samples came from Area 2. This unit yielded most 
of the organics recovered during this season since it was a domestic midden area. One 
sample was analyzed from Conchal Viejo which contained only one individual of 
Myliobatis sp. (ray).
A personal comparative collection was used for this analysis which was based on 
the identification of diagnostic bones such as the first vertebra, caudal vertebra, otoliths, 
hyperostosis, teeth, maxillae, etc (Figure 8.10). Fish were identified at levels of families 
and species. The quantitative analysis was based on MNI (minimum number of 
individual) and NISP (number of identified specimens). Absolute frequencies and relative 
frequencies were obtained for each unit and for the general account of the total samples.
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Finally, it is important to highlight the fact that the analyzed samples are not the 
total of the recovered remains, nor is the recovered assemblage the total of excavated 
remains. Due to the high amount of organic remains in Area 2, I used a sampling strategy 
that consisted of sieving 'A to '/2  of the sediments in each level of excavation per sector, 
depending on the size of the sector or sub-sector. The samples selected for analysis, 
however, are intended to be representative of all units, sectors, sub-sectors, levels of 
excavation, and amount of remains. That is, in units that had larger areas, more levels of 
excavations and higher amounts of remains, more samples were selected for organic 
analysis.
Some Mylobatidae species have been identified in this analysis, however this 
taxon was studied in more detail in the Chondrichthyes analysis in the next section of this 
chapter.
Ubiquity estimations were considered in this analysis in order to compare samples 
associated with deposits of the Third Phase of occupation. Ubiquity is the number of 
sample in which a taxon appears (Reitz et al. 2015).
272
Figure 8.10. Fish remains recovered at Los Morteros; a: types of fish remains recovered 
from Los Morteros; b: different kinds of fish otoliths; c and d: vertebra of small fish; e: 
fish vertebra and hyperostosis; f: Sciaena starksi (robalo) vertebra.
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8.2.2.2. General Results
Twenty-four fish species were identified in Los Morteros. The total results of this 
analysis indicate that Sciaenidae species were the most abundant in this site with eight 
species identified (Sciaena deliciosa, Paralonchurusperuanus, Cilus gilbert, Cynoscion 
analis, Stellifer minor, Sciaena faciata, Menticirrhus ophicephalus, and Sciaena starksi). 
Four of the five most abundant species are Sciaenidae fish. The first two most abundant 
species were: Sciaena deliciosa (lorna) and Paralonchurus peruanus (coco) representing 
around 17% of the whole sample. Sardinops sagax (sardine) is in the third place; in the 
fourth and fifth places are Cilus gilbert (corvina) and Sarda chilensis (bonito). Except for 
sardine, the most abundant species at Los Morteros are relatively big fish. Moreover, of 
the three identified small schooling species (Sardinops sagax, Odonthestes regia, and 
Engraulis ringens), only sardines have more than 4% of representation in this sample 
(Table 8.17). I believe this result represents an intentional fishing strategy of the 
inhabitants of Los Morteros, who seem to have preferred “big” fish over small species.
As mentioned above, all samples were recovered using two sizes of mesh to ensure the 
collection of small, medium, and large remains. This intentional pattern becomes more 
evident if we take into account that almost all this sample comes from one phase of 
occupation of the site (likely several dumping events but one phase). In addition, this 
general pattern is replicated in several units as we shall see below.
In general, the sample from Los Morteros contains demersal species of sandy or 
rocky-sandy bottoms that can be found at depths between 0 to 100 m. There are also 
coastal pelagic and benthopelagic species. All identified species are typical for the 
current conditions of the Peruvian ocean.
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Rank by 
MNI Family Specie Local Name MNI %
1 Sciaenidae Sciaena deliciosa lorna 120 17.62
2 Sciaenidae P aralonchurus peruanus coco 118 17.33
3 Cupleidae sardinops sagax sardina 85 12.48
4 Sciaenidae C ilus gilberti corvina 62 9.10
5 Scom bridae Sarda  chiliensis bonito 44 6.46
6 Sciaenidae C ynoscion analis cachem a 30 4.41
7 Sciaenidae S te llifer m inor m ojarrilla 30 4.41
8 M ugilidae M ugil cephalus lisa 25 3.67
9 A therinidae O donthestes regia pejerrey 21 3.08
10 Serranidae P aralabrax hum eralis cabrilla 17 2.50
11 Scom bridae S com ber japonicus caballa 16 2.35




13 Sciaenidae M enticirrhus ophicephalus m isho 15 2.20
14 H aem ulidae A niso trem us scapularis chita 12 1.76
15 Sciaenidae Sciaena starksi robalo 13 1.91
16 M yliobatidae M yliobatis sp. raya 13 1.91
17 C arangidae Trachurus m urphyi ju re l 9 1.32
18 C heilodactylidae C heilodactylus variegatus pintadilla 9 1.32
19 Cupleidae Ethm idium  maculatum m achete 7 1.03
20 Engraulidae Engraulis ringens anchoveta 6 0.88
21 A riidae G aleichthys peruvianus bagre 5 0.73
22 L abrisom idae Labrisom us philipp i tram boyo 5 0.73
23 Triakidae M ustelus sp . tollo 3 0.44
24 O phidiidae G enypterus m aculatus congrio 1 0.15
TOTAL 681 100
Table 8.17. General MNI of the fish assemblage of Los Morteros.
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A. Area 1
Area 1 was excavated to level 1 that corresponded to the surface of the stone 
architecture, (except Sector 4, see Chapters 6 and 7); this assemblage is associated with 
the Third Phase of occupation of the site. The sample analyzed from this unit comes from 
layer 1 (capa 1) of Sectors 1, 2, and 4. Seventeen fish species corresponding to 10 
families were identified in Area 1. The most abundant species in this unit were 
Paralonchorus peruanus, Sardinops sagax, and Cilus gilberti, in that order. The most 
ubiquitous taxa were Paralonchurusperuanus, Sardinops sagax, Menticirrhus 
ophicephalus, Paralabrax humeralis, and Myliobatis sp. In this unit, Sciaena family 
species were about 50% of the sample (Tables 8.18 to 8.20; Figure 8.11).
8.2.2.3. Quantitative Analysis
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Family Species Local Name NISP % MNI %
Sciaenidae P aralonchurus peruanus coco 105 12.93 12 19.67
Sciaenidae C ilus gilberti corvina 30 3.69 5 8.2
Sciaenidae Sciaena deliciosa lorna 43 5.3 3 4.92
Sciaenidae Sciaena fa sc ia ta burro o gallinaza 13 1.6 1 1.64
Sciaenidae M enticirrhus ophicephalus m isho 27 3.33 4 6.56
Sciaenidae C ynoscion analis cachem a 14 1.72 3 4.92
Sciaenidae Sciaena starksi robalo 7 0.86 3 4.92
Scom bridae Sarda  chiliensis bonito 19 2.34 3 4.92
M ugilidae M u g il cephalus lisa 11 1.35 4 6.56
A therinidae O donthstes regia pejerrey 19 2.34 2 3.28
C heilodactylidae C heilodactylus variegatus pintadilla 13 1.6 2 3.28
C upleidae Ethm idium  maculatum m achete 8 0.99 1 1.64
C upleidae Sardinops sagax sardina 283 34.85 8 13.11
Serranidae P aralabrax hum eralis cabrilla 31 3.82 4 6.56
H aem ulidae A niso trem us scapularis chita 8 0.99 1 1.64
L abrisom idae Labrisom us ph ilipp i tram boyo 6 0.74 1 1.64
M yliobatidae M yliobatis sp. raya 10 1.23 4 6.56
N.I* _ 28 3.45
Others _ 137 16.87
TOTAL 812 100 61 100
Table 8.18. Total NISP and MNI of identified fish species in Area 1.*No identified fish 
elements; the category “Others” corresponds to non-fish remains.
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Table 8.19. Ubiquity and ubiquity % of identified fish species in Area 1.
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NISP MNI NISP MNI NISP MNI
Sciaenidae P aralonchurus peruanus 22 4 19 1 64 7
Sciaenidae C ilus gilberti 3 1 27 4
Sciaenidae Sciaena deliciosa 29 1 14 2
Sciaenidae Sciaena fa sc ia ta 13 1
Sciaenidae M enticirrhus ophicephalus 17 1 2 1 8 2
Sciaenidae C ynoscion analis 8 1 2 1 4 1
Sciaenidae Sciaena starksi 1 1 6 2
Scom bridae Sarda  chiliensis 1 1 18 2
M ugilidae M u g il cephalus 1 1 10 3
A therinidae O donthestes regia 13 1 6 1
C heilodactylidae C heilodactylus variegatus 7 1 6 1
Cupleidae Ethm idium  maculatum 8 1
Cupleidae Sardinops sagax 188 5 3 1 92 2
Serranidae P aralabrax hum eralis 18 2 13 2
H aem ulidae A niso trem us scapularis 8 1
L abrisom idae Labrisom us ph ilipp i 6 1
M yliobatidae M yliobatis sp. 2 1 5 2
N .I 4 1 1 21
Others 21 30 86
TOTAL 343 22 57 5 407 34
Table 8.20. Total count of NISP and MNI of fish taxa per sector in Area 1, layer 1.
B. Area 2
The deposits recovered in this unit had a very high organic content, which 
includes faunal, botanical, and coprolite remains. These deposits come from the domestic 
middens that cover a considerable extension on the northwest side of Los Morteros and 
belong to the Third Phase of occupation of the site.
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Area 2 was excavated by 3 sectors and 2 sub-sectors (see Chapters 6 and 7). This 
division was based on methodological purposes rather than on contextual differences 
between sectors. To present the information in an orderly manner, I show the results by 
sectors and levels of excavation per sector, however it is important to remember that this 
is just a methodological division since the excavated part of this midden is a secondary 
—although one phase— deposit. Therefore, no further interpretations can be given in 
terms of, for example, changes in the kinds or amounts of consumed species through 
time.
Twenty-four species from 15 families, making a total of 434 individuals were 
identified in this unit. The five most abundant species were Sciaena deliciosa, 
Paralonchorus peruanus, Sardinops sagax, Cilus gilberti, and Stellifer minor; all of them 
except sardines are Sciaenidae species. The most ubiquitous species were Sarda 
chiliensis (8.78%), Sciaena deliciosa (8.78%), Paralonchurusperuanus (8.11%), Cilus 
gilberti (8.11%), and Cynoscion analis (6.76 %) (Tables 8.21 to 8.27; Figure 8.12).
The fish assemblage of Area 2 contained the majority of fish remains from Los 
Morteros and the higher variety of taxa from the site. All species identified in Area 2 
correspond to the current ocean conditions of the Peruvian sea.
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Family Species MNI %
Sciaenidae Sciaena deliciosa 103 23.73
Sciaenidae Paralonchurus peruanus 71 16.36
C upleidae Sardinops sagax 61 14.06
Sciaenidae C ilus gilberti 48 11.06
Sciaenidae Stellifer m inor 28 6.45
Scom bridae Sarda  chiliensis 20 4.61
Sciaenidae C ynoscion analis 16 3.69
A therinidae O donthestes regia 13 3.00
Scom bridae Scom ber ja p o n icu s 10 2.30
Serranidae P aralabrax hum eralis 8 1.84
M ugilidae M u g il cephalus 7 1.61
Sciaenidae Sciaena fa sc ia ta 7 1.61
H aem ulidae A niso trem us scapularis 5 1.15
Sciaenidae Sciaena starksi 5 1.15
Sciaenidae M enticirrhus ophicephalus 5 1.15
C arangidae Trachurus m urphyi 5 1.15
A riidae G aleichthys peruvianus 5 1.15
M yliobatidae M ylioba tis sp. 5 1.15
C heilodactylidae C heilodactylus variegatus 3 0.69
Engraulidae Engraulis ringens 3 0.69
Cupleidae Ethm idium  m aculatum 2 0.46
Triakidae M ustelus sp. 2 0.46
O phidiidae G enypterus m aculatus 1 0.23
L abrisom idae Labrisom us ph ilipp i 1 0.23
TOTAL 434 100
Table 8.21. Total MNI of fish remains in Area 2.
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Table 8.22. Ubiquity and ubiquity % of fish species in Area 2.
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NISP MNI NISP MNI
Sciaenidae C ilus g ilbeti 3 1
Sciaenidae Sciaena fa sc ia ta 1 1
Sciaenidae Sciaena starksi 1 1
Sciaenidae C ynoscion analis 1 1
Scom bridae Sarda chiliensis 9 2
O phidiidae G enypterus m aculatus 1 1
C upleidae Saedinops sagax 1 1
C arangidae Trachurus m urphi 1 1
O thers 7 2
TOTAL 22 6 5 3
Table 8.23. Identified fish remains by species in A2, Sector 1.
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Table 8.24. Identified fish remains in Area 2, Sector 2 by NISP and MNI
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Table 8.25. Identified fish remains in Area 2, Sector 3 by NISP and MNI.
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C3 C4 C5 C7
N ISP M N I N ISP M N I N ISP M N I N ISP M N I
Scom bridae Sarda  chiliensis 145 6 2 1 5 1
Scom bridae Scom ber jap o n icu s 96 8
M ugilidae M u g il cephalus 101 4
H aem ulidae A niso trem us scapularis 30 2
Serranidae P ralabrax hum eralis 58 3
Sciaenidae Sciaena starksi 1 1 6 1
Sciaenidae C ynoscion analis 95 8 1 1
Sciaenidae P aralonchurus peruanus 614 48 11 2
Sciaenidae Sciaena deliciosa 302 58 3 2
Sciaenidae Sciaena fa sc ia ta 37 1
Sciaenidae S te llifer m inor 206 12 3 2 2 1
Sciaenidae M enticirrhus ophicephalus 56 3
Sciaenidae C ilus gilberti 70 26 1 1
C arangidae Trachurus m urphi 56 3
C heilodactylidae C heilodactylus variegatus 3 1
A riidae G aleichthys peruvianus 13 2
A therinidae O donthestes regia 51 7
Engraulidae E ngraulis ringens 7 2 5 1
Cupleidae Sardinops sagax 2395 47 2 1
M yliobatidae M yliobatis sp. 22 3
N .I 20
Others 562 6
T O TAL 4939 244 35 12 5 1 8 2
Table 8.27. Identified fish remains in Area 2, Sector 3-3 by NISP and MNI.
C. Area 4
Fish remains from Area 4 correspond to 20 species belonging to 12 families with 
a total MNI of 94. The analyzed samples of Area 4 were collected also from the 
extension unit located to the north of the original Area 4. Although the data below are
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presented by excavation levels, no primary contexts were identified in this unit. Remains 
found from the first three levels of excavation seem to be secondary deposits that can be 
associated with the Third Phase of occupation of the site (the stone architecture of Area 1 
and the midden deposits of Area 2). It is difficult to make any safe associations with the 
rest of the deposits found in deeper levels. For this reason, samples analyzed correspond 
to these first levels of excavation.
The five most abundant species in Area 4 were Paralonchurus peruanus, 
Sardinops sagax, Sciaena deliciosa, Sarda chiliensis, and Mugil dephalus. The most 
ubiquitous species were Paralonchurus peruanus (8.45%), Sciaena deliciosa (8.45%), 
Mugil cephalus (8.45%), Sarda chiliensis (8.45%), and Sciaena fasciata (8.45%) (Tables 
8.28 to 8.31; Figure 8.13).
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Family Species Local Name MNI %
Sciaenidae P aralonchurus peruanus coco 16 17.02
Cupleidae Sardinops sagax sardina 11 11.70
Sciaenidae Sciaena deliciosa lorna 9 9.57
Scom bridae Sarda  chiliensis bonito 8 8.51
M ugilidae M ugil cephalus lisa 7 7.45
Sciaenidae Sciaena fasciata burro o gallinaza 6 6.38
Sciaenidae C ynoscion analis cachem a 6 6.38
A therinidae O donthestes regia pejerrey 5 5.32
Sciaenidae M enticirrhus ophicephalus m isho 4 4.26
Serranidae P aralabrax hum eralis cabrilla 4 4.26
Cupleidae Ethm idium  maculatum m achete 3 3.19
C heilodactylidae C heilodactylus variegatus pintadilla 3 3.19
Scom bridae Scom ber jap o n icu s caballa 2 2.13
H aem ulidae A niso trem us scapularis chita 2 2.13
Sciaenidae C ilus gilberti corvina 2 2.13
Engraulidae Engraulis ringens anchoveta 2 2.13
Sciaenidae S te llifer  m inor m ojarrilla 1 1.06
L abrisom idae Labrisom us ph ilipp i tram boyo 1 1.06
Triakidae M ustelus sp . tollo 1 1.06
M yliobatidae M yliobatis sp. raya 1 1.06
TOTAL 94 100
Table 8.28. Total MNI of fish species in Area 4.
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Table 8.29. Ubiquity and ubiquity % of fish species in Area 4.
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Figure 8.13. Graphic representation of ubiquity % of the total fish species identified in 
Area 4.
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Table 8.30. Identifed fish remains by species, by NISP, and MNI in Area 4.
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As in the case of Area 4, the assemblage collected in Trench 1 does not 
correspond to primary deposits. The first three levels of excavation can be interpreted as 
secondary deposits of the Third Phase of occupation of the site —likely from the stone 
architecture on the top— because of the stratigraphic position of these deposits. Levels 
deeper than level 4 were difficult to associate with an activity surface or other phases of 
occupation. Nevertheless, the amount, kinds, and frequencies of the identified species are 
similar to those found in other units (associated with the Third Phase), which might 
indicate that these deposits are the product of downhill rolling or dumping.
Eighteen species and 10 families were identified in Trench 1 making a total 70 
individuals (MNI). The most abundant species were Paralonchurusperuanus, Sarda 
chiliensis, Cilus gilbert, Cynoscion analis, and Sciaena starksi. The most ubiquitous 
species were Cilus gilbert (10%), Cynoscion analis (10%), Paralonchurus peruanus 
(10%), Sciaena starksi (10%), and Sarda chiliensis (10%) (Tables 8.32 to 8.34; Figure 
8.14).
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Table 8.32. Total MNI of fish species in Trench1.
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Family Species Local Name Ubiquity Ubiquity
(%)
Sciaenidae C ilus g ilberti corvina 5 10.00
Sciaenidae C ynoscion analis cachem a 5 10.00
Sciaenidae Paralonchurus peruanus coco 5 10.00
Sciaenidae Sciaena starksi robalo 5 10.00
Scom bridae Sarda chiliensis bonito 5 10.00
M ugilidae M ugil cephalus lisa 5 10.00
H aem ulidae Anisotrem us scapularis chita 4 8.00
Sciaenidae Sciaena deliciosa lorna 3 6.00
M yliobatidae M yliobatis sp. raya 3 6.00





Sciaenidae Stellifer m inor m ojarrilla 1 2.00
Sciaenidae M enticirrhus ophicephalus m isho 1 2.00
Scom bridae Scom ber japonicus caballa 1 2.00
L abrisom idae Labrisom us ph ilipp i tram boyo 1 2.00
C upleidae Sardinops sagax sardina 1 2.00
A therin idae O donthestes regia pejerrey 1 2.00
Engraulidae Engraulis ringens anchoveta 1 2.00
TOTAL 50 100
Table 8.33. Ubiquity and ubiquity % of fish species in Trench 1.
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C1 C3 C5 C7 C8





37 3 132 5 44 2 105 3
Sciaenidae C ilus g ilberti 18 1 10 1 34 2 9 1 4 1
Sciaenidae Sciaena starksi 11 1 4 1 9 1 3 1 1 1
Sciaenidae C ynoscion analis 8 1 14 1 13 1 9 1 2 1
Sciaenidae Sciaena deliciosa 5 1 3 1 6 1
Sciaenidae
M enticirrhus
ophicephalus _ _ _ _ _ _ 1 1 _ _
Sciaenidae Sciaena fa sc ia ta 4 1
Sciaenidae S tellifer m inor 9 1









9 1 11 1 7 1
C arangidae
Trachurus
m urphyi _ _ _ _ _ _ 9 2 2 1
L abrisom idae
Labrisom us
philippi _ _ _ _ _ _ 6 1 _ _
A therin idae
O donthestes
regia _ _ _ _ 1 1 _ _





M ytilidae M yliobatis sp. 3 1 1 1 12 1
N .I 6 3 6 4
Others 54 34 22 126
T O TAL 228 10 157 11 337 16 195 15 358 20
Table 8.34. Table showing total of NISP and MNI of fish remains in all analyzed layers 
of Trench 1.
E. Trench 2
In Trench 2, only one sample from level 6 had a considerable amount of fish 
remains to be analyzed. This sample corresponds to the last level excavated in Trench 2 
(level 6), which also contained also remains of what seems to be hearth deposits 
containing Argopecten shells and ash (described in Chapter 6 and 7). Thirteen species and
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eight families were identified in this sample with a total of 22 individuals. In this sample, 
Sciaenidae species were also the most abundant. Although the NISP and MNI are low, 
the high number of species identified in only one sample (one level) is interesting (Table 
8.35).
The fish species in this unit are similar to those identified in other units, including 
Area 2 (domestic midden deposits).
Table 8.35. Identified fish remains by species from Trench 2.
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8.2.2.4. Comments
The results of the ichthyological analysis of the assemblage from Los Morteros 
are consistent with the stratigraphic correlation established for the site that indicates that 
midden depoists in Area 2 and the late stone architecture of Area 1 correspond to the 
Third Phase of occupation recorded for Los Morteros during the 2012 field season. The 
samples analyzed show a consistent taxonomic composition, since all units share almost 
the same fish species. Area 2 had a larger number of samples analyzed (21 samples) 
because of the density of the organic refuse in the midden deposits. This area yielded the 
highest number of identified species (24). Area 1 had 6 samples in which 17 species were 
identified. Area 4 had also 6 samples analyzed and 20 identified species. Trench 1 
yielded 18 species in 5 samples. Trench 2 had 1 sample analyzed and 13 species 
identified. Except for Area 2 that has the largest assemblage (also the largest sample), the 
rest of the units share almost the same species.
There is a clear pattern that favored the consumption of mostly big species. 
However, this preference did not mean the exclusion of smaller species such as sardines, 
anchovies, misho, and herring. Moreover, in some units sardines were among the most 
frequent fish.
In terms of type of fish remains almost all body parts were recovered in Los 
Morteros. Vertebrae are more abundant, as they normally are in the archaeological 
record, but cranial bones were also found. The abundance of otoliths in Los Morteros is 





Vertebra Otolith Hyperostosis Epural
Cranial
Bone
Area 1 669 17 8 37 10 2
Area 2 5857 156 232 77 78 101
Area 4 1257 36 5 7 15 18
Trench 1 943 33 1 41 21 1
Trench 2 554 9 2 2 2
TOTAL 9280 251 248 164 126 122
Table 8.36. Distribution of fish skeletal parts by units of excavations recorded at Los 
Morteros. This table doesn’t include unidentified (NI) elements.
In terms of the fishing environment, the assemblage from Los Morteros indicates 
exploitation of demersal —that inhabit sandy, rocky, and rocky/sandy bottoms— and 
coastal pelagic species. Some drums such as coco and lorna can be found in bottoms of 
brackish waters near river deltas (Reitz 1988). The Mugil cephalus or lisa is a species 
also reported in coastal wetland waters (Castro et al. 1988) or coastal lagoons formed 
with occasional high tides. In general, all fish species reported for Los Morteros can be 
caught from the littoral using nets or lines. Unfortunately, our excavations did not recover 
any fishing gear; however, Cardenas et al. (1999) reported stone sinkers of different sizes 
and I found a shell fishhook during the 2010 season.
The fish assemblage of Los Morteros can be compared with other Preceramic 
sites of the Peruvian coast. Similar species have been reported for sites such as Padre 
Aban (Pozorki and Pozorski 1983), Alto Salaverry (Pozorski and Pozorski 1983, 1977), 
Gavilanes (Wing and Reitz 1982), Caral (Bearez and Miranda 2003), El Paraiso (Quilter 
et al. 1991), and Paloma (Reitz 1988). Except for Paloma, all others sites have younger
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radiocarbon dates than Los Morteros. In terms of diversity of consumed species, the 
assemblage of Los Morteros would be closest to the assemblage from Los Gavilanes. The 
diversity of species and the preference for big fish reflected in the assemblage of Los 
Morteros differ from the pattern expressed in some monumental sites of the second half 
of the Late Preceramic Period such as Caral, Aspero, and El Paraiso (an exception would 
be Huaynuna), where small schooling fish were the most abundant species and where the 
fish diversity was considerably smaller. Nevertheless, an abundance of small fish is also 
reported for the case of Paloma for the Middle Preceramic.




The analysis of the Chondrichthyes, or cartilaginous fishes, was done by lic. Ali 
Altamirano. The sample analyzed was composed of 810 specimens collected from Los 
Morteros, at the units: Area 1, Area 2, Trench 1, and Trench 2. The majority of the 
Chondrichthyes came from the domestic midden of Area 2 and corresponds to the Third 
Phase of occupation of the site.
The classification and quantification of specimens followed the same 
methodology applied to the mammalian analysis. The identification of species was based 
mostly on vertebrae and teeth (Figure 8.16).
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The taxonomic identification was done using comparative specimens and 
specialized literature (Chirichigno 1980; Compagno 1984; Capetta 1987; Reitz and Wing 
1999). The species used as comparative samples were: Isurus oyrinchus (mako shark), 
Sphyrna zygaena (smooth hammerhead), Carcharhinus leucas (bull shark), Carcharodon 
carcharias (white shark), Myliobatisperuvianus (Peruvian eagle ray), Myliobatis chilensi 
(Chilean eagle ray), and Callorhynchus callorhycnhus (elephantfish or cockfish).
The data presented in this section summarize information in terms of NISP and 
MNI. This information considers only identified species.
8.2.3.2. General Results
The total assemblage of Chondrichthyes from Los Morteros was composed of 645 
identified specimens with 93 individuals. The general sample consisted of sharks and 
rays. The most abundant specimens were sharks of the Carcharhinidae family (57% MNI) 
followed by rays of the Myliobatidae family (23% MNI). Only eight individuals were 
identified to the level of species. These were Carcharodon carcharias (white shark), 
Notorynchus cepedianus (broadnose shark), Prionace glauca (blue shark), Myliobatis 
peruvianus (ray), Carcharhinus brachyurus (Cooper shark), and Isurus oxyrinchus (mako 
shark) (Table 8.37; Figure 8.15).
The characteristics of the specimens indicate that these served mostly as food 
resources. However, the sample also includes shark teeth with boreholes to use them as 
pendants (8.16A and D), which indicates that sharks had a special consideration among 
the faunal species that went beyond food consumption.
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Scientific Name Common Name NISP % MNI %
Carcharhinidae R equiem  sharks 560 86.82 53 56.99
M yliobatidae Ray 45 6.98 22 23.66
M yliobatiform es Ray 8 1.24 6 6.45
Lamnidae 14 2 .17 3 3.23
Carcharodon




shark 3 0.47 2 2.15
Prionace glauca B lue shark 1 0.16 1 1.08
M yliobatis peruvianus Ray 2 0.31 1 1.08
Lam niformes 5 0 .78 1 1.08
Carcharhinus
brachyurus C ooper shark 2 0.31 1 1.08
Isurus oxyrinchus Shortfin mako shark 3 0.47 1 1.08
TOTAL 645 100 93 100
Table 8.37. General count of identified Chondrichthyes at Los Morteros.
MNI% of Identified Chondrichthyes at Los Morteros
56.99
Figure 8.15. Representation of MNI % of the Chondricthyes assemblage of Los Morteros.
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Figure 8.16. Shark teeth recovered at Los Morteros. Teeth at the top (A and B) 
correspond to Carcharodon charcharias (great white shark). A: apical fragment of the 
dental crown in lingual view; B: fragment of a dental crown in lingual view; C: 
Carcharhinus brachyurus (Cooper shark), lingual view of a palatocuadrado tooth of the 
upper jaw; D: Prionace glauca (blue shark), lingual view of a palatocuadrado tooth of the 




In this unit the Chondrichthyes sample was composed of 33 diagnostic specimens 
collected from Sectors 1, 2, 4, and 5. The identified individuals included one Myliobatis 
peruvianus and undetermined species of the Carcharhinidae, Chimearidae, 
Myliobatiformes families and orders. The most abundant specimens were individuals of 
the Carcharhinidae family (80% MNI) —identified through diagnostic vertebrae—; 
followed by rays (14% MNI) (Tables 8.38 to 8.42; Figue 8.17). This sample corresponds 
to the Third Phase of occupation of the site.
Scientific Name
AREA 1 
Common Name NISP % MNI %
Carcharhinidae R equiem  sharks 27 81.82 17 80.95
M yliobatiform es 4 12.12 2 9.52
M yliobatis peruvianus 1 3.03 1 4.76
Chamearidae 1 3.03 1 4.76
TOTAL CHONDRICHTHYES 33 100 21 100
Table 8.38. Total NISP and MNI of Chondricthyes in Area 1.
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Figure 8.17. Total MNI % in Area 1.
A 1-S1-C 1
O rder Fam ily Species N ISP M N I
Carcharhiniformes Carcharahinidae 9 7
T O TAL 9 7
Table 8.39. Chondricthyes in Area 1, Sector 1.
A 1-S2-C 1
O rder Fam ily Species N ISP M N I
Carcharhiniformes Carcharahinidae 3 1
T O TAL 3 1
Table 8.40. Chondricthyes in Area 1, Sector 2.
A 1-S4-C 1
O rder Fam ily Species N ISP M N I
Myliobatiformes Myliobatidae 2 2
Carcharhiniformes Carcharahinidae 8 2
T O TAL 10 4
Table 8.41. Chondricthyes in Area 1, Sector 4.
A 1-S5-C 1
O rder Fam ily Species N ISP M N I
Myliobatiformes Myliobatidae M yliobatis peruvianus 1 1
Carcharhiniformes Carcharahinidae 7 7
Chimaeriformes Chimaeridae 1 1
T O TAL 9 9
Table 8.42. Chondricthyes in Area 1, Sector 5.
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B. Area 2
In this unit the Chondrichthyes sample was composed of 349 diagnostic 
specimens (NISP) and a total of 42 individuals (MNI). The sample from Area 2 includes 
the species Prionace glauca, Carcharodon carcharias, and Notorhynchus cepedianus, as 
well as unidentified individuals of the families Carcharhinidae, Lamnidae, and 
Myliobatidae. The most abundant and frequent individuals were requiem sharks 
(Carcharhinidae, 57%) followed by rays (Myliobatidae, 28%) (Tables 8.43 to 8.48; 
Figure 8.18). The sample from Area 2 included 12 burnt Carcharhinidae vertebrae. In 
Sector 2, level 1, we collected one tooth of the genus Carcharhinus. Sector 3, level 3, 
reported two teeth of the species Carcharodon carcharias (white shark) and 
Notorhynchus cepedianus (broadnose shark). However, the majority of the sample was 
composed of vertebrae.
The assemblage of Area 2 came from the midden deposits reported in this unit, 
which correspond to the Third Phase of occupation of the site (see Chapters 6 and 7).
Scientific Name
AREA 2 
Common Name NISP % MNI %
Carcharhinidae R equiem  sharks 315 90.26 24 57.14
Lamnidae 6 1.72 3 7.14
M yliobatidae Ray 25 7.16 12 28.57
Prionace glauca B lue shark 1 0.29 1 2.38
Carcharodon carcharias Great white shark 1 0.29 1 2.38
Notorhynchus cepedianus Broadnose sevengill shark 1 0.29 1 2.38
TOTAL CHONDRICHTHYES 349 100 42 100
Table 8.43. Total NISP and MNI of Chondrichthyes in Area 2.
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Figure 8.18. Total MNI % of identified Chondrichthyes at Area 2.
A2-S1
O rder Fam ily Species
C1
N ISP M N I
C archarhiniform es C archarahinidae 6 1
T O TAL 6 1
Table 8.44. Chondricthyes in Area 2, Sector 1.
A 2-S2
O rder Fam ily Species
C1 C2 C3
T O T A L  M N I
N ISP M N I N ISP M N I N ISP M N I
C archarhiniform es C archarahinidae 35 2 82 3 68 2 7
M yliobatiform es M yliobatidae 3 1 4 3 4
L am niform es Lam nidae 1 1 1
T O TAL 38 3 87 7 68 2 12
Table 8.45. Identified Chondricthyes in Area 2, Sector 2.
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Table 8.46. Identified Chondricthyes in Area 2, Sector 3, level 3.
Table 8.47. Identified Chondricthyes in Area 2, Sector 3-2, level 9.
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Table 8.48. Identified Chondricthyes in Area 2, Sector 3-3.
C. Trench 1
The analyzed sample from Trench 1 contained 204 specimens and 34 individuals. 
The identified species in this unit were Notorhynchus cepedianus (broadnose shark), 
Carcharodon carcharias (white shark), and Isurus oxyrinchus (mako shark), as well as 
unidentified individuals of the families and orders Carcharhinidae, Myliobatiformes, and 
Lamniformes. The Chondrichthyes remains of Trench 1 were collected from levels 1, 2, 
3, 5, 7, and 8, however, only levels 1 to 3 seem to be secondary deposits that can be 
indirectly associated with the Third Phase of occupation of the site (see Chapter 6 and 7). 
The rest of the excavation levels were difficult to assign to activity surfaces or secondary 
deposits. The majority of the Chondrichthyes remains corresponded to vertebrae. 
Nevertheless, in level 3 we recorded one tooth of Isurus oxyrinchus (mako shark). The 
most abundant Chondrichthyes were unidentified sharks species of the Carcharhinidae 




Vernacular name NISP % MNI %
Carcharhinidae R equiem  sharks 175 85.78 23 67.65
M yliobatiform es Ray 14 6.86 6 17.65
Lam niformes 8 3.92 1 2 .94
Notorhynchus cepedianus Broadnose sevengill shark 1 0.49 1 2 .94
Carcharodon carcharias Great white shark 1 0.49 1 2 .94
Isurus oxyrinchus Shortfin mako shark 2 0.98 1 2 .94
U nidentified chondrichthyan 3 1.47 1 2 .94
TOTAL CHONDRICHTHYES 204 100 34 100
Table 8.49. Total NISP and MNI of identified Chondrichthyes in Trench 1.
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Figure 8.19. MNI % of total Chondrichthyes in Trench 1.
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M N I %  of Identified  C hondrichthyes at Trench 1
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Table 8.50. Identified Chondricthyes in Trench 1 by levels of excavation.
D. Trench 2
The Chondrichthyes sample from Trench 2 contained 47 NISP and 8 individuals 
(Table 8.51). The specimens were collected from levels 4 and 6 of Sector 4. All of these 
remains were vertebrae. In level 6 we recovered 10 burnt vertebrae and 8 vertebrae with 
boreholes in the center.
T2-S4
O rder Fam ily Species
C4 C6
T O T A L  M N I
N ISP M N I N ISP M N I
C archarhiniform es C archarahinidae 18 1 27 5 6
M yliobatiform es M yliobatidae 2 2 2
T O TAL 18 1 29 7 8
Table 8.51. Identified Chondrichthyes in Trench 2 by levels of excavation.
8.2.3.4. Comments
The Chondrichthyes identified at Los Morteros mostly correspond to species that 
are common to the modern cool or temperate conditions of the Peruvian ocean, except for 
the white shark (C. charcharis) that is rarely reported in Peru these days (Compagno 
2001; Cione and Barla 2008). White sharks have a cosmopolitan distribution in temperate 
oceans. This species is a coastal and offshore inhabitant of continental and insular shelves 
(Compagno 1984; Cione and Barla 2008). White sharks have been reported close inshore 
to the surfline, in shallow bays, and around offshore continental islands (Cione and Barla 
2008). Catch data report white sharks in temperatures from 7° C to 25° C; however this 
species seems to be more common in temperatures between 14 and 15° C (Cione and 
Barla 2008). It is worth mentioning that Pinnipeds and small cetaceans constitute a main
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food of white sharks (Cione and Barla 2008); these prey animals are mammal species 
abundant in Los Morteros. The rest of the Condrichthyes assemblage of Los Morteros 
corresponds to species that are more common in the Peruvian littoral. In general, 
although most of the species can be found offshore in pelagic waters, these species are 
also close to the littoral where they can be caught by fishing nets or even lines. 
Nevertheless, this does not deny the possibility of the use of some kinds of watercraft.
The presence of white sharks can suggest this, however the low number of individuals 
does not allow for a definitive answer. White sharks could have come into the area 
attracted by sea lion colonies near Pampa de las Salinas where the Morterean fishermen 
were hunting.
Chondrichthyes species similar to those found at Los Morteros have been reported 
in other coastal archaeological sites from the Late Preceramic Period such as Huaca 
Prieta (Bird et al. 1985a; no species identification), Huaca Negra de Guanape (Strong and 
Evans 1952; although no identification of species is provided), Gavilanes (Wing and 
Reitz 1982), and El Paraiso (Quilter et al. 1991). The site of Gramalote for the Initial 
Period has reported abundant vertebrae of blue shark (Prieto personal communication). 
White shark has been recovered associated with feasting at the site of Huaca Pucllana for 




The bird bones from Los Morteros were collected in Area 1, Area 2, Trench 1, 
and Trench 2. The total bird remains collected during season 2012 was composed of 338 
specimens, the majority of which came from Area 2.
This study was carried out by Lic. Ali Altamirano using a personal comparative 
collection and specialized literature (Koepcke 1964; Harrison 1983; Reitz and Wing 
1999; Schulenberg et al. 2007; Serjeantson 2009). The comparative samples included the 
following species: Phalacrocorax bougainvillii (guanay cormorant), Phalacrocorax 
gaimardi (red-legged cormorant), Phalacrocorax olivaceous (neotropic cormorant), Sula 
variegate (Peruvian booby), Sula nebouxii (blue-footed booby), Pelecanus thagus 
(Peruvian pelican), Pelecanus occidentalis (brown pelican), Laruspipixcan (Frankin’s 
gull), Larus belcheri (Belcher’s gull), Larus dominicanus (kelp gull), Larosterna inca 
(Inca tern), Thalasseus maximus (royal tern), Thalasseus elegans (elegant tern), 
Pelecanoides garnotii (Peruvian diving petrel), Thalassarche cauta (shy albatross), 
Phoebastria irrorata (waved albatross), Diomedea bulleri (Buller’s albatross), Puffinus 
griseus (sooty shearwater), Spheniscus humboldti (Humbold penguin), Calidris minutilla 
(least sandpiper), and Arenaria interprets (ruddy turnstone).




This analysis identified 17 taxa, nine of which were identified to the level of 
species or probable species (Phalacrocorax bougainvillii, Phalacrocorax olivaceous,
Sula variegata, Pelecanus thagus, Larus pipixcan, Larus belcheri, Larosterna inca, 
Pelecanoides garnotii, Spheniscus humboldti) (Table 8.52). In general, the sample was 
composed of marine and wetland birds, including guano birds. The four most abundant 
taxa were Phalacrocorax bougainvillii (guanay) (18.45% MNI), Phalacrocoracidae 
(11.65% MNI), Sula variegata (Peruvian booby orpiquero) (7.77% MNI), and Pelecanus 
thagus (Peruvian pelican) (7.77% MNI) (Table 8.52; Figure 8.21), all of which are guano 
birds that are abundant in islands and rocky littoral formations (Wing and Reitz 1982). 
However, these species are also found as part of the fauna of Peruvian coastal wetlands 
(Pautrat and Riveros 1998). The most frequent bird bones in the sample were ulna, 
radius, femur, and humerus (Figure 8.20 B, C and E). There was a high number of 
unidentified birds (17.48% MNI; Table 8.52).
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Figure 8.20. Examples of bird bones found at Los Morteros. A, B and C are bones of the 
species Sula variegata (Peruvian booby orpiquero); A: carpometacarpus in dorsal view; 
B: distal fragment of a humerus; C: distal fragment of an ulna; D: quadrate in dorsal view 
of a Pelecanus thagus (Peruvian pelican or alcatraz), E: basioccipital in posterior view of 
a Phalacrocorax bougainvillii (guanay); F : proximal fragment of a humerus of 
Pelecanoides garnotii (Peruvian diving petrel orpotoyunco peruano).
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Scien tific  N am e C om m on  N am e N ISP % M N I %
Phalacrocorax bougainvillii Guanay cormorant 57 25.45 19 18.45
Phalacrocoracidae 22 9.82 12 11.65
Sula variegata Peruvian booby 18 8.04 8 7.77
Pelecanus thagus Peruvian pelican 10 4.46 8 7.77
Laridae Gulls 17 7 .59 7 6.80
Pelecanidae 10 4 .46 7 6.80
Pelecanoides garnotii Peruvian D iv in g  Petrel 14 6.25 5 4.85
Scolopacidae 9 4 .02 5 4.85
Spheniscus humboldti Hum boldt Penguin 4 1.79 3 2.91
Sula sp. B oob ies 2 0 .89 2 1.94
Larus pipixcan F ranklins Gull 7 3.13 2 1.94
Sulidae 2 0 .89 2 1.94
Larosterna inca Inca tern 1 0.45 1 0.97
Phalacrocorax olivaceous N eotropical cormorant 2 0 .89 1 0.97
Puffinus  sp. Shearwaters 2 0 .89 1 0.97
D iom edeidae 1 0.45 1 0.97
Larus belcheri Band tailed Gull 1 0.45 1 0.97
U nidentified bird 45 20.09 18 17.48
T O T A L 224 100 103 100
Table 8.52. Total NISP and MNI of the bird assemblage identified at Los Morteros.
Figure 8.21. MNI % of the total bird remains identified at Los Morteros.
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A. Area 1
A low number of diagnostic elements was found in this unit (17 NISP), which 
made a total of 8 MNI. The identified species and families were Sula variegata (Peruvian 
booby), Laridae (gulls), Phalacrocorax bougainvillii (guanay cormorant) 
Phalacrocoracidae (cormorant), Pelecanus thagus (Peruvian pelican), Scolopacidae, and 
Larosterna inca (Inca tern) (Table 8.53 to 8.56; Figure 8.22). The most abundant remains 
were bones of Sula variegata. The sample from Area 1 was composed of humerus, ulna, 
and radius, this later being the most abundant (3 specimens). There were cut marks on 
two bones. On the other hand, the bird remains of Area 1 came from level 1 which is 
related to the Third Phase of occupation of Los Morteros (see Chapters 6 and 7).
8.2.4.3. Quantitative Analysis
Scien tific  N am e
A R E A  1 
C om m on  N am e N ISP % M N I %
Laridae gull 2 11.76 1 12.50
Sula variegata Peruvian booby 6 35.29 2 25.00
Phalacrocorax bougainvillii guanay cormorant 1 5.88 1 12.50
Phalacrocoracidae cormorant 2 11.76 1 12.50
Pelecanus thagus Peruvian pelican 1 5.88 1 12.50
Scolopacidae 4 23.53 1 12.50
Larosterna inca Inca tern 1 5.88 1 12.50
T O T A L  B IR D S 17 100 8 100
Table 8.53. Total identified bird remains in Area 1 by NISP and MNI.
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Figure 8.22. Graphic of total MNI % of bird remains in Area 1.
A 1-S2-C 1
O rder Fam ily Specie N ISP M N I
C haradriiform es L aridae 2 1
T O TAL 2 1
Table 8.54. Bird remains found in A1, Sector 2, level 1.
A 1-S4-C 1
O rder Fam ily Specie N ISP M N I
Pelecaniform es Sulidae Sula  variegata 5 2
Pelecaniform es Phalacrocoracidae Phalacrocorax bougainvillii 1 1
Pelecaniform es Pelecanidae P elecanus thagus 1 1
Pelecaniform es Phalacrocoracidae 2 2
C haradriiform es Scolopacidae 4 3
T O TAL 13 9
Table 8.55. Identified birds in Area 1, Sector 4, level 1.
A 1-S5-C 1
O rder Fam ily Specie N ISP M N I
C haradriiform es Sternidae Larosterna inca 1 1
Pelecaniform es Sulidae Sula variagata 1 1
T O TAL 2 2
Table 8.56. Identified birds in Area 1, Sector 5, level 1.
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B. Area 2
A total of 134 NISP and 60 MNI were identified in this sample. The bird sample 
from Area 2 was the largest sample of this site and it is associated with the midden 
deposits of the Third Phase of occupation recorded for Los Morteros during the 2012 
season. The most abundant species and families identified in Area 2 were Phalacrocorax 
bougainvillii (guanays; 18.33%), Pelicanidae (pelicans; 16.67%), Laridae (gulls; 8.33%), 
and Pelecanus thagus (Peruvian pelicans; 8.33%). However, the percentage of 
unidentified birds in this unit was higher than the most abundant species (20%) (Tables 
8.57 to 8.62; Figure 8.23).
The species Phalacrocorax bougainvillii had the highest NISP (32) of which the 
most common kinds of bones were ulnas, tibiotarsus, and synsacrums. This sample also 
included burnt bones of the guanays, pelicans, and cormorants.
Scien tific  N am e
A R E A  2 
C om m on  N am e N ISP % M N I %
Phalacrocorax bougainvillii Guanay cormorant 32 23 .88 11 18.33
Pelicanidae Pelicans 13 9.70 10 16.67
Laridae Gulls 15 11.19 5 8.33
Pelecanus thagus Peruvian pelican 7 5.22 5 8.33
Sula variegata Peruvian B ooby 9 6.72 4 6.67
Pelecanoides garnotii Peruvian diving petrel 9 6.72 3 5.00
Phalacrocoracidae Cormorants 8 5.97 2 3.33
Spheniscus hum boldt Hum boldt penguin 3 2.24 2 3.33
Sulidae B oob ies 2 1.49 2 3.33
Puffinus  sp Shearwaters 1 0.75 1 1.67
Phalacrocorax olivaceous N eotropical cormorant 2 1.49 1 1.67
Larus pipixcan Franklin's gull 4 2.99 1 1.67
Larus belcheri Band tailed gull 1 0.75 1 1.67
U nidentified bird 28 20.90 12 20.00
T O T A L  B IR D S 134 100 60 100
Table 8.57. Total NISP and MNI of identified bird remains in Area 2.
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Figure 8.23. Graphic representation of total MNI % of identified bird species in Area 2.
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Table 8.58. Identified birds in Area 2, Sector 1 by NISP and MNI.
Table 8.59. Identified bird species in Area 2, Sector 2 by NISP and MNI.




O rder Fam ily Species
C3 C4 C6
T O T A L  M N I
N ISP M N I N ISP M N I N ISP M N I
Pelecaniform es Sulidae Sula  variegata 3 1 1 1 2 1 3
Pelecaniform es Phalacrocoracidae 1 1 1
Pelecaniform es Pelecanidae P elecanus thagus 2 1 1 1 2
Pelecam form es Phalacrocoracidae P halacrocorax bougainvillii 2 2 2
Pelecaniform es Phalacrocoracidae P halacrocorax olivaceous 2 1 1
Pelecaniform es Pelecanidae 1 1 2 1 1 1 3
Procellarifiorm es Pelecanoididae Pelecanoides garnotii 2 1 1
T O T A L 7 4 6 4 7 5 13
Table 8.61. Identified bird species in Area 2, Sector 3-2 by NISP and MNI
A 2-S3-3
O rder Fam ily Species
C3 C4 C5 C6 C7
T O T A L  M N I
N ISP M N I N ISP M N I N ISP M N I N ISP M N I N ISP M N I
C haradriiform es L aridae 8 1 1
Pelecaniform es Pelecanidae 3 1 1 1 1 1 3
Pelecaniform es Phalacrocoracidae P halacrocorax bougainvillii 9 3 3
Pelecaniform es Sulidae 1 1 1 1 2
Pelecaniform es Sulidae Sula  variegata 3 1 1
Pelecaniform es Pelecanidae P elecanus thagus 1 1 1
Sphenisiciform es Spheniscidae Spheniscus hum boldti 1 1 1
T O T A L 12 4 1 1 1 1 8 1 7 5 12
Table 8.62. Identified bird remains in Area 2, Sector 3-3 by NISP and MNI.
C. Trench 1
The bird remains of Trench 1 were collected from levels 1, 2, 3, 5, 6, 7, and 8. 
However, only those remains found in levels 1 to 3 can be associated with the Third 
Phase of occupation of the site as secondary deposits (see Chapters 6 and 7). The rest of 
the levels are difficult to associate with a particular phase or activity surface.
The sample of Trench 1 was composed of a total of 56 NISP and 27 MNI. Based 
on the diagnostic elements it was possible to identify 12 species and families (Table 
8.62). The most abundant birds are Phalacrocorax bouganivillii (guanay), Phalacrocorax 
sp. (cormorant), Pelecanoides garnotii (Previan diving petrel), and Sula variegata 
(Peruvian booby), in that order (Table 8.63 and 8.64; Figure 8.24). Twenty-three guanay 
bones were identified, including ulnas, coracoids, and femurs. This sample contained two 
burnt bones; one of these was a fragment of tibiotarsus of a Scolopacidae.
Scien tific  N am e
T R E N C H  1 
C om m on  N am e N ISP % M N I %
Phalacrocorax bouganivillii guanay cormorant 23 41 .07 5 18.52
Phalacrocorax  sp. cormorants 11 19.64 5 18.52
Pelecanoides garnotii Peruvian diving petrel 5 8.93 4 14.81
Sula variegata Peruvian booby 3 5.36 3 11.11
Scolopacidae 5 8.93 3 11.11
Spheniscus humboldti Hum boldt penguin 1 1.79 1 3.70
Pelecanus thagus Peruvian pelican 1 1.79 1 3.70
Laridae gulls 2 3.57 1 3.70
Larus sp. gulls 1 1.79 1 3.70
Larus pipixcan Franklin's gull 2 3.57 1 3.70
Puffinus  sp. shearwaters 1 1.79 1 3.70
Thallasarche sp. albatrosses 1 1.79 1 3.70
T O T A L  B IR D S 56 100 27 100
Table 8.63. Total NISP and MNI of bird remains in Trench 1.
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Order Family Species C1 C2 C3 C5 C6 C7 C8 TotalMNINISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI
Charadriiformes Laridae 2 1 1
Charadriiformes Scolopacidae 4 2 2 2 4
Charadriiformes Laridae L a r u s  p ip ix c a n 2 1 1
Pelecaniformes Pelecanidae
P e le c a n u s
th a g u s 1 1 1
Pelecaniformes Phalacrocoracidae
P h a la c r o c o r a x
b o u g a in v illii 5 1 4 1 9 3 1 1 6
Pelecaniformes Phalacrocoracidae 4 2 1 1 2 2 2 2 7
Pelecaniformes Sulidae S u la  v a r ie g a ta 1 1 1 1 2
Procellarifiormes Pelecanoididae
P e le c a n o id e s
g a r n o ti i 1 1 2 1 2
Procellarifiormes Diomedeidae 1 1 1
Procellarifiormes Procellaridae 1 1 1
Sphenisciformes Spheniscidae
S p h e n is c u s
h u m b o ld ti
1 1 1
TOTAL 11 4 2 2 15 9 12 5 2 2 3 3 2 2 27
Table 8.64. Identified bird species in Trench 1 by NISP and MNI.
D. Trench 2
The sample from Trench 2 came from levels 5 and 6 of Sector 4. This sample 
contained 10 NISP and a total of 5 MNI. Four taxa and one unidentified bird were 
identified, each of which corresponded to one individual (Tables 8.65 and 8.66). In this 
sample the most abundant remains were humerus.
Scien tific  N am e
T R E N C H  2 
C om m on  N am e N ISP % M N I %
Pelecanus thagus Peruvian pelican 1 10 1 20
Phalacrocorax bougainvillii guanay cormorant 1 10 1 20
Phalacrocorax  sp. cormorants 3 30 1 20
Larus pipixcan F ranklins Gull 1 10 1 20
U nidentified bird 4 40 1 20
T O T A L  B IR D S 10 100 5 100
Table 8.65. Identified birds in Trench 2.
T2-S4
O rder Fam ily Species
C5 C6 T O TAL
M N IN ISP M N I N ISP M N I
Pelecaniformes Phalacrocoracidae P halacrocorax bougainvillii 1 1 1
Pelecaniformes Phalacrocoracidae 3 2 2
Pelecaniformes Pelecanidae P elecanus thagus 1 1 1
T O TAL 2 2 3 2 4
Table 8.66. Identified bird remains in Trench 2, Sector 4 by NISP and MNI.
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8.2.4.4. Comments
The total bird assemblage from Los Morteros is mostly associated with the Third 
Phase of occupation of the site, which is related to the midden deposits of Area 2 and the 
stone architecture of Area 1. Therefore, this sample reflects the pattern of that particular 
phase of Los Morteros. The main use of the birds for the Mortereans seems to have been 
as food. Several specimens had traces of cuts and burning but none of them were used as 
tools or ornaments.
The species identified in Los Morteros are sea birds (including guano birds) and 
wetland birds. All of these species are still present in the Peruvian littoral environments, 
although the species Pelecanoides garnotii (Peruvian diving-petrel or potoyunco) can be 
considered endangered because of the rapid decrease of its population along the Peruvian 
littoral (Bird Life International website, http://www.birdlife.org/).
The bird assemblage of Los Morteros can be compared with other coastal 
Preceramic sites where these kinds of analyses have been carried out, such as Huaca 
Prieta (Bird et al. 1985a), Gavilanes (Wing and Reitz 1982), and Paloma (Reitz 1988). In 
these sites the most abundant bird species are Phalacrocorax bougainvillii (cormorant), 
Sula variegata (Peruvian booby), and Pelecanus thagus (Peruvian pelican), which were 
also the most common at Los Morteros. These are endemic species of the Peruvian ocean 
that can be found in mainland and rocky promontories year-round. All of these species 
are also guano birds found in islands close to the littoral (Reitz 1988).
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8.2.5. Invertebrata (Invertebrates) Remains
8.2.5.1. Methodology
The samples selected for malachological analysis were collected at the sites Los 
Morteros, Los Pescadores, and Conchal Viejo. The majority of the sample, however, 
comes from Los Morteros, specifically from units Area 1, Area 2, Area 4, and Trench 2. 
This analysis was done by Lic. Carol Rojas.
The methodology applied in this analysis consisted of taxonomic identification 
and classification of the specimens using comparative collections and specialized 
literature (Keen 1958, 1971; Alamo and Valdivieso 1987; Guzman et al. 1998; Zuniga 
2002); followed by quantification based on MNI (minimum number of individuals), NISP 
(number of identified specimens), and weight (grams).
Polyplacophora (chiton) specimens were analyzed taking into account complete 
plates as well as non-diagnostic fragments.
For Gastropoda (univalve) specimens the quantification was based on complete 
individuals, diagnostic (apex and columella) and non-diagnostic (shell pieces) fragments.
Pelecypoda (bivalve) specimens were quantified in terms of MNI, diagnostic 
(umbo) and non-diagnostic (shell pieces) fragments.
Crustacea (crustacean) specimens were quantified based on complete individuals 
(in the case of the Chthamalus cirratus), diagnostic fragments (Xanthidae), and non­
diagnostic body parts.
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Echinoidea (sea urchin) specimens were quantified based on non-diagnostic 
fragments.
Anthazoa (unidentified coral) specimens were non-diagnostic fragments.
The following sections present general characteristics of the analyzed assemblage 
by site of provenience and within sites by units and layers of excavation.
8.2.5.2. General Results
The analysis identified three Mollusca classes: Polyplacophora, Gastropoda, and 
Pelecypoda, 21 families, and 35 species. As well as, the sample included non-molluscan 
specimens from classes Malacostraca, Echinoidea, Maxillopoda, and Anthozoa (Table 
8.67).
Although this section presents the analysis of invertebrate species found at three 
sites, the focus of this study was the assemblage of Los Morteros. Because more intensive 
and extensive excavations were carried out at this site, a more accurate analysis and 
interpretation can be obtained from the invertebrate analysis of Los Morteros.
The analyzed sample from Los Morteros came from Area 1, Area 2, Area 4, and 
Trench 1. However, the majority of this assemblage was collected in Area 2 and 
corresponds to the midden deposits of the Third Phase of occupation of the site. The 
remains from Area 2 account for 61% of the total MNI. Because the majority of this 
assemblage came from a single phase of occupation of Los Morteros —remains from 
Area 1 and Area 2 account for approximately 70% of the entire sample— and mainly
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from mixed midden deposits (see Chapters 6 and 7), it is not possible to evaluate the 
results in terms of changes in cultural preference, availability of resources, or changes in 
climatic conditions. Despite this limitation in all analyses performed on organic 
materials, the consistency of the sample in terms of stratigraphic location, content, 
frequency, and characteristics of remains, allow me to interpret this assemblage as 
remains of the diet of the Mortereans during the Third Phase of occupation of the site.
Taking into account the MNI of the total of identified species, the most abundant 
and frequent species are Chiton granosus and Chiton cumingsii that occupy the first and 
second place in the MNI ranking. The species Donax obesulus and Chthamalus cirratus 
(a parasite of Choromytilus chorus, Argopecten purpuratus, and Concholepas 
concholepas) are in third place. The fourth and fifth ranked species by MNI are 
Choromytilus chorus and Perumytiluspurpuratus respectively. When considering NISP, 
the first five species are Choromytilus chorus, Mesodesma donacium, Tagelus dombeii, 
Argopecten purpuratus, and Donax obesulus, in that order. When considering weight 
Choromytilus chorus, Argopecten purpuratus, Mesodesma donacium, Argopecten sp., 
and Tagelus dombeii are the first species (Tables 8.71 and 8.72).
In general, the invertebrate assemblage of Los Morteros is composed of intertidal 
and subtidal species of sandy and rocky beaches. All species are indigenous to the cool 
waters of the Peruvian ocean and consequently belong to the Peruvian Molluscan 
Province (Tables 8.68 to 8.70). The general results indicate that the inhabitants of Los 
Morteros were equally exploiting sandy and rocky shores. However, the most abundant 
species in the assemblage are rocky beach dwellers. Both sandy and rocky habitats
correspond to the local littoral condition of the beach of Pampa de las Salinas.
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In the case of the sample from the Conchal Viejo site, which is an extensive shell 
midden located close to the local beach, the invertebrates are Mesodesma shells followed 
by Semimytilus algosus specimens (see Table 8.82). In contrast, the small sample 
analyzed from the Los Pescadores site was composed mostly of Perumytilus purpuratus 
and Psidula adamsis shells (see Table 8.83).
The following sections present the results of the analysis per site and excavation 
units in terms of MNI and MNI percentages.
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Class Family Species Local name Common Name
C h ito n  c u m in g s ii
POLYPLACOPHORA CHITONIDAE C h ito n  g r a n o su s barquillo, chiton chiton
C h ito n  sp .
F is s u r e l la  c ra ssa
FIS SURELLIDAE F is s u r e l la  l im b a ta  
F is s u r e l la  m a x im a
lapa keyhole limpet
F is s u r e l la  sp .
ACMAEDIDAE S c u r r ia  p a r a s it ic a senorita limpet
TROCHIDAE T e g u la  a tr a * caracol turbante pearly top shell
TURBINIDE P r is o g a s te r  n ig e r caracolito negro turban shell
CALYPTRAEIDAE C r e p ip a te lla  d i la ta ta pique cup and saucer limpet
NATICIDAE P o l in ic e s  u b e r  
S in u m  c y m b a
caracol blanco 
abalon moon snail
GATROPODA MURICIDAE C o n c h o le p a s  c o n c h o le p a s chanque barnacle rock shell
T h a is  c h o c o la ta caracol plomo
THAIDIDAE T h a is  h a e m a s to m a  
T h a is  d e le s s e r tia n a caracol dye shell
T h a is  sp .
COLUMBELLIDAE M a z a tla n i  a  fu lg u  r a ta  ** dove shell
NASSARIDAEA N a s s a r iu s  d e n tife r caracolito dog whelk
OLIVIDAE O liv a  p e r u v ia n a oliva olive shell
MARGINELLIDAE P r u n u m  c u r tu m porcelanita rice shell
BULIMULIDAE S c u ta lu s  p r o te u s  
S c u ta lu s  sp .
caracol de tierra land snail
C h o ro m y tilu s  ch o ru s choro zapato mussel
MYTILIDAE P e r u m y ti lu s  p u r p u r a tu s chorito negro purple mussel
S e m im y ti lu s  a lg o s u s chorito lustroso mussel
PECTINIDAE A r g o p e c te n  p u r p u r a tu s  
A r g o p e c te n  sp .
concha de abanico scallop
PELECYPODA VENERIDAE P r o to th a c a  th a c a  





MACTRIDAE S p is u la  a d a m si almejita clam
MESODESMATIDAE M e s o d e s m a  d o n a c iu m almeja amarilla, macha wedge clam
DONACIDAE D o n a x  o b e su lu s palabritas donax
SOLECURTIDAE T a g e lu s  d o m b e ii pico de pato jacknife
MALACOSTRACA XANTHIDAE P la ty x a n th u s  o rb in g y i cangrejo violacea crab
ECHINOIDEA ARBACIIDAE Unidentified erizo de mar seaurchin
MAXILLOPODA CHTHAMALOIDEA C h th a m a lu s  c irra tu s pico de loro barnacles
ANTHOZOA Unidentified coral coral
Table 8.67. Identified species in the assemblage analyzed from Los Morteros, Conchal 
Viejo, and Los Pescadores. *Only identified at Los Pescadores. **Only identified at 
Conchal Viejo.
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R O C K Y  H A B IT A T
Species U pper Intertidal Intertidal Subtidal
Chiton cum ingsii 
Chiton granosus 
Chiton sp.
F issurella  crassa  
F issurella  limbata  
F issurella  m axim a  
F issurella  sp.
Scurria  parasitica  
Tegula atra  
P risogaster n iger  
C repipatella  dilatata  
C oncholepas concholepas 
Thais chocolata  
Thais haem astom a  
Thais delessertiana  
Thais sp.
X anthochorus buxea  
C horom ytilus chorus 
P erum ytilus purpura tus  
Sem im ytilus purpura tus
Species
P olin ices uber  
Sinum  cym ba  
Thais chocolata  
Thais haem astom a  
M azatlan ia  fu lg u ra ta  
N assarius dentifer  
O liva peruviana  
Prunum  curtum  
Argopecten purpura tus  
Argopecten sp .
P rotothaca thaca  
E urhom alea rufa  
Spisula  adam si 
M esodesm a donacium  
D onax obesulus 
____ Tagelus dom beii
B IO T O PO  A L G O SO
Species U ppertidal Intertidal Subtidal
C oncholepas concholepas
A rgopecten  purpuratus___________________________________________
O TH ER S
Species
Scutalus proteus  
Scutalus sp.
Table 8.68. Habitat and geographic distribution of analyzed invertebrates.
lom as
lom as
SA N D Y  H A B IT A T
U ppertidal Intertidal Subtidal
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Species Distribution (Alamo y Valdivieso 1987)
Chiton cum ingsii 
Chiton granosus  
Chiton sp.
P aita  (Peru) to C hiloe Island (Chile) 
P aita  (Peru) to M agellan  R egion (Chile)
F issurella  crassa  
F issurella  limbata  
F issurella  m axim a  
F issurella  sp.
C hicam a (Peru) to Coquim bo and Talcahuano (C hile) and G alapagos Islands 
C hicam a (Peru) to S trait o f  M agellan  (C hile)
M anta  (Ecuador) to V alaparaiso (Chile)
Scurria  parasitica  
Tegula  atra  
P risogaster n ig er  
C repipatella  dilatata  
Polinices uber  
Sinum  cym ba
G uanape Island (Peru) to Talcahuano (Chile)
Islilla  (Peru) to Strait o f  M agellan and P atagonia (Chile) 
P aita  (Peru) to S trait o f  M agellan  (C hile)
C alifornia (EE .U U ) to S trait o f  M agellan (C hile)
B aja C alifornia (G u lf o f  C alifornia) to  Pisco (Peru) 
E cuador to Chile
C oncholepas 
concholepas 
Thais chocolata  
Thais haem astom a  
Thais delessertiana  
Thais sp.
Playa L obos, E ten  (Peru) to S trait o f  M agellan (C hile) 
E cuador to V alparaiso (C hile)
A tlantic and Pacific 
E cuador to Islas C hincha (Peru)
M azatlan ia  fu lg u ra ta  
N assarius den tifer  
O liva peruviana  
P runum  curtum  
Scutalus pro teus  
Scutalus sp .
M azatlan  (M exico); N icaragua to  Punta  M ero (Peru) 
B anco de M ancora (Peru) to Chile 
M ancora (Peru) to Iquique (C hile) and G alapagos Islands 
M anta  (Ecuador) to Iquique (Chile)
C horom ytilus chorus 
P erum ytilus purpura tus
Sem im ytilus algosus 
Argopecten purpura tus  
Argopecten sp .
Pacasm ayo (Peru) to  S trait o f  M agellan (C hile)
G u lf o f  G uayaquil (Ecuador) to S trait o f  M agellan (C hile) and north  o f  Santa Cruz 
(A rgentina)
M anta  (Ecuador) to G u lf o f  A rauco (C hile)
P aita  (Peru) to Coquim bo (C hile)
P rotothaca thaca  
E urhom alea rufa  
Spisula  adam si 
M esodesm a donacium  
D onax obesulus 
Tagelus dom beii 
P latyxanthus orbingyi 
C htham alus cirratus
C hicam a (Peru) to A rchipelago o f  C honos (C hile)
G u lf o f  Panam a to Talcahuano (Chile)
Panam a to Zorritos, P im entel (Peru)
Sechura Bay (Peru) to C hiloe Island (C hile)
C anoa, M anabi (Ecuador) to L a R inconada, A ntofagasta (C hile) 
Panam a to V aldiv ia (Chile)




Chiton cum ingsii 
Chiton granosus  
Chiton sp .
F issurella  crassa  
F issurella  m axim a  
F issurella  limbata  
F issurella  sp.
Scurria parasitica  
Tegula atra  
P risogaster n iger  
C repipatela dilatata  
P olin ices über  
Sinum  cym ba  
C oncholepas 
concholepas 
Thais haem astom a  
Thais chocolata  
Thais delessertiana  
Thais sp.
X anthochorus buxea  
N assarius dentifer  
Prunum  curtum  
C horom ytilus chorus 
Sem im ytilus algosus 
P erum ytilus  
purpura tus  
Argopecten  
purpura tus  
A rgopecten  sp. 
P rotothaca thaca  
E urhom alea rufa 
Spisula adam si 
M esodesm a donacium  
D onax obesulus 
Tagelus dom beii____
C alifornia Panam a Peru M agellan
Province Province Province Province
40°N 30°N 20°N 10°N 0°N 10°S 20°S 30°S 40°S 50°S
Table 8.70. Latitudinal distribution of identified species of the invertebrate assemblage 
(Keen 1971; Alamo and Valdivieso 1987).
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Species MNI Rank NISP Weight (gr) Rank
Chiton granosus 512 1 568 783.2 7
Chiton cum ingsii 251 2 273 407 12
D o n a x obesulus 244 3 634 462.9 10
C htham alus cirratus 244 3 244 217.8 17
C horom ytilus chorus 170 4 18184 14824.2 1
Perum ytilus purpura tus 164 5 539 214.3 18
C repipatella  dilatata 128 6 144 151.9 21
Argopecten purpura tus 118 7 712 4149.9 2
Scurria  parasitica 107 8 111 49.1 27
Scutalus pro teus 89 9 399 83 23
Spisula  adam si 88 10 90 201.5 19
Fissurella  limbata 59 11 330 943.3 6
Chiton sp. 38 12 90 68.3 25
M esodesm a donacium 31 13 1222 2626.7 3
Sinum  cym ba 31 13 49 258.9 15
N assarius d en tifer 31 13 34 13.9 35
P risogaster n iger 28 14 38 22.1 32
Fissurella  crassa 26 15 268 535.2 8
P olin ices u b er 14 16 16 19.9 33
P rotothaca thaca 11 17 36 39.1 29
Tagelus dom beii 9 18 832 970.1 5
Sem im ytilus algosus 8 19 42 11.2 36
Thais chocolata 7 20 91 511.6 9
P latyxanthus orbingyii 7 20 20 17.7 34
Pelecypoda n/i 6 21 228 174.8 20
Thais haem astom a 6 21 12 33.4 31
P runum  curtum 5 22 5 4.1 37
C oncholepas concholepas 3 23 21 427 11
Fissurella  m axim a 3 23 54 252.9 16
G astropoda n/i 3 23 25 47.2 28
Tegula atra 3 23 22 36.2 30
Fissurella sp. 1 24 179 90.2 22
Thais delessertiana 1 24 1 0.8 39
Argopecten sp. 0 0 624 1171.1 4
A nthozoa n/i 0 0 10 367.7 13
N.I. 0 0 377 300.9 14
M alacostraca n /i 0 0 124 73.1 24
E urhom alea rufa 0 0 11 51 26
Thais sp. 0 0 2 1.1 38
O liva peruviana 0 0 1 0.7 40
Scutalus sp. 0 0 3 0.5 41
E chinoidea n/i 0 0 2 0.5 41
TOTAL 2446 26667 30616
Table 8.71. General count of the invertebrates of Los Morteros in terms of MNI, NISP, 
weight in grams, and ranks.
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C lass/Species
N M I % N ISP % W eigh t %
P loyplacophora
C h ito n  c u m in g s ii 251 10.26 273 1.02 4 07 0 .85
C h ito n  g ra n o s u s 512 2 0 .9 3 568 2 .13 7 8 3 .2 1.63
C h ito n  sp. 38 1.55 90 0 .34 68 .3 0 .14
Subtotal P olyplacophora 801 32.75 931 3.49 1258.5 2.61
G astropoda M NI % N ISP % W eigh t %
F is s u r e lla  c ra ssa 2 6 1.06 26 8 1.00 535 .2 1.11
F is s u r e lla  lim b a ta 59 2 .41 330 1.24 943 .3 1.96
F is s u r e lla  m a x im a 3 0 .12 54 0 .20 2 5 2 .9 0 .53
F is s u r e lla  sp. 1 0 .04 179 0 .67 9 0 .2 0 .19
S c u r r ia  p a ra s itic a 107 4 .3 7 111 0 .42 49 .1 0 .10
T e g u la  a tra 3 0 .12 22 0 .08 3 6 .2 0 .08
P r iso g a s te r  n ig e r 2 8 1.14 38 0 .14 22 .1 0 .05
C r e p ip a te lla  d ila ta ta 128 5.23 144 0 .54 151.9 0 .32
P o lin ic e s  u b e r 14 0 .57 16 0 .06 19.9 0 .04
S in u m  c y m b a 31 1.27 49 0 .18 2 5 8 .9 0 .54
C o n c h o le p a s  c o n c h o le p a s 3 0 .12 21 0 .08 4 27 0 .89
T h a is  ch o c o la ta 7 0 .29 91 0 .34 511 .6 1.06
T h a is  h a e m a s to m a 6 0.25 12 0 .04 3 3 .4 0 .07
T h a is  d e le s se r tia n a 1 0 .04 1 0 .00 0 .8 0 .00
T h a is  sp. 0 0 2 0.01 1.1 0 .00
N a s sa r iu s  d e n ti fe r 31 1.27 34 0 .13 13.9 0 .03
O liv a  p e r u v ia n a 0 0 1 0 .00 0 .7 0 .00
P ru n u m  cu r tu m 5 0 .20 5 0 .02 4.1 0.01
S c u ta lu s  p r o te u s 89 3 .64 399 1.50 83 0 .17
S c u ta lu s  sp. 0 0 3 0.01 0.5 0 .00
G a s tro p o d a  n /i 3 0 .12 25 0 .09 4 7 .2 0 .10
Subtotal G astropoda 545 22.28 1805 6.77 3483 7.24
Pelecypoda M N I % N IS P % W e ig h t %
C h o r o m y tilu s  ch o ru s 170 6.95 18184 6 8 .1 8 14824 .2 3 0 .8 0
P e ru m y tilu s  p u r p u r a tu s 164 6 .70 539 2 .0 2 2 1 4 .3 0 .45
S e m im y tilu s  a lg o su s 8 0.33 42 0 .16 11.2 0 .02
A rg o p e c te n  p u r p u r a tu s 118 4 .8 2 712 2 .6 7 4 1 4 9 .9 8 .62
A rg o p e c te n  sp. 0 0 624 2 .3 4 1171.1 2 .43
P ro to th a c a  th a c a 11 0.45 36 0 .13 39 .1 0 .08
E u rh o m a le a  ru fa 0 0 11 0 .04 51 0.11
S p is u la  a d a m s i 88 3 .60 90 0 .34 2 0 1 .5 0 .42
M e so d e s m a  d o n a c iu m 31 1.27 1222 4 .5 8 2 6 2 6 .7 5 .46
D o n a x  o b e s u lu s 24 4 9 .98 634 2 .3 8 4 6 2 .9 0 .96
T a g e lu s  d o m b e ii 9 0 .37 832 3 .12 970 .1 2 .0 2
P e le c y p o d a  n /i 6 0 .25 22 8 0 .85 174.8 0 .36
Subtotal Pelecypoda 849 34.71 23154 86.82 24896.8 51.72
O ther Classes M NI % N ISP % W eigh t %
P la ty x a n th u s  o rb in g y ii 7 0 .29 20 0 .07 17.7 0 .04
M a la c o s tra c a  n /i 0 0 124 0 .46 73 .1 0 .15
C h th a m a lu s  c ir ra tu s 24 4 9 .98 24 4 0.91 2 1 7 .8 0 .45
E c h in o id e a  n /i 0 0 2 0.01 0.5 0 .00
A n th o z o a  n /i 0 0 12 0 .04 3 6 7 .9 0 .76
N .I. 0 0 377 1.41 3 0 0 .9 0 .63
G R A N D  T O T A L 2446 100 26669 100 48137.4 64






The analyzed sample from Area 1 came from Sectors 1, 2, 4, and 5 at level 1 
(stone architecture). Therefore, this sample corresponds to the Third Phase of occupation 
of the site. The remains from Area 1 have been divided into remains found on the floor 
and surfaces of the stone architecture and remains found inside a hearth recorded on the 
east side of the unit. Thirty-one taxa were identified in this unit with a total of 238 MNI 
and 3892 NISP (Table 8.73). In Area 1 and Rasgo 1 (R1: hearth), chitons were the most 
abundant and frequent species followed by Fissurella shells (Tables 8.73 and 8.74). One 
individual of Prunum curtum was found over the stone platform of Sector 5. This species 
is typical of warmer waters and can be uses as an ornament. However, the example from 
Sector 5 did not show any sign of work or decoration.
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A rea 1-C1




M N I%M N I % M N I % M N I % M N I %
Chiton granosus 13 35.14 21 22.58 11 44 28 33.73 73 30.67
Chiton cum ingsii 1 2.70 5 5.38 3 12 10 12.05 19 7.98
Chiton sp. 12 32.43 2 2.15 2 8 0.00 16 6.72
F issurella  limbata 1 2.70 0 0.00 0 3 3.61 4 1.68
F issurella  m axim a 0.00 0 0.00 0 0 0.00 0 0.00
F issurella  crassa 1 2.70 0 0.00 1 4 3 3.61 5 2.10
F issurella  sp. 0.00 0 0.00 0 0 0 0.00 0 0.00
Scurria  parasitica 1 2.70 7 7.53 2 8 8 9.64 18 7.56
Tegula atra 0.00 1 1.08 0 1 1.20 2 0.84
P risogaster n iger 1 2.70 2 2.15 0 1 1.20 4 1.68
C repipatella  dilatata 2 5.41 10 10.75 0 0 3 3.61 15 6.30
P olin ices uber 0.00 0.00 1 4 1 1.20 2 0.84
Sinum  cym ba 0.00 0.00 0 1 1.20 1 0.42
Thais chocolata 0.00 0.00 0 0.00 0 0.00
N assarius dentifer 0.00 3 3.23 0 0.00 3 1.26
Scutalus proteus 0.00 0 0.00 0 9 10.84 9 3.78
C horom ytilus chorus 0 0.00 0 0.00 2 8 1 1.20 3 1.26
Perum ytilus purpuratus 1 2.70 2 2.15 0 0 2 2.41 5 2.10
Sem im ytilus algosus 0.00 0.00 0 0 0.00 0 0.00
A rgopecten  sp. 0 0.00 0 0.00 0 0 0 0.00 0 0.00
P rotothaca thaca 0.00 0 0.00 0 0.00 0 0.00
Spisula  adam si 0.00 3 3.23 0 0.00 3 1.26
M esodesm a donacium 0 0.00 0 0.00 0 0 0 0.00 0 0.00
D o n a x obesulus 0.00 0 0.00 1 4 6 7.23 7 2.94
Tagelus dom beii 0.00 0 0.00 0 0 0 0.00 0 0.00
P latyxanthus orbingyii 0 0.00 7 7.53 0 0.00 7 2.94
C htham alus cirratus 4 10.81 30 32.26 1 4 5 6.02 40 16.81
P runum  curtum 0.00 0.00 0 1 1.20 1 0.42
P elecypoda n/i 0.00 0.00 1 4 0 0.00 1 0.42
M alacostraca n /i 0.00 0.00 0 0 0 0.00 0 0.00
G astropoda n/i 0.00 0.00 0 0 0.00 0 0.00
N.I. 0.00 0.00 0 0 0.00 0.00
T O TAL 37 100 93 100 25 100 83 100 238 100






M N I % M N I % M N I % M N I % R ank
Chiton granosus 0 0.00 3 23.08 3 12.50 19 25.33 1
Chiton cum ingsii 0 0.00 3 23.08 3 12.50 7 9.33 3
Chiton sp. 0 0.00 0 0.00 0 0.00 12 16.00 2
Fissurela  crassa 0 0.00 0 0.00 0 0.00 1 1.33 7
F issurella  limbata 0 0.00 0 0.00 0 0.00 1 1.33 7
F issurella  sp. 0 0.00 0 0.00 1 4.17 1 1.33 7
Scurria  parasitica 0 0.00 3 23.08 0 0.00 4 5.33 4
P risogaster n iger 0 0.00 0 0.00 0 0.00 1 1.33 7
C repipatella  dilatata 0 0.00 0 0.00 0 0.00 2 2.67 6
P olin ices uber 0 0.00 0 0.00 1 4.17 1 1.33 7
Perum ytilus purpuratus 1 100.00 0 0.00 10 41.67 12 16.00 2
Sem im ytilus algosus 0 0.00 0 0.00 3 12.50 3 4.00 5
Spisula  adam si 0 0.00 1 7.69 0 0.00 1 1.33 7
M esodesm a donacium 0 0.00 1 7.69 3 12.50 4 5.33 4
D o n a x obesulus 0 0.00 2 15.38 0 0.00 2 2.67 5
T O TAL 1 100 13 100 24 100 75 100
Table 8.74. Identified invertebrate species in Area 1, Sector 1, Rasgo 1 (hearth). *L refers 
to level.
B. Area 2
The samples of Area 2 were collected at Sectors 1, 2, 3, and Subsectors 3-2 and 3­
3. These remains correspond to midden deposits of the Third Phase of occupation of the 
site. Area 2 contained 1463 MNI that account for 61% of the entire assemblage of the 
site. In Sectors 1 and 2, the most abundant remains were chitons followed by Donax and 
Perumytilus shells (Tables 8.75 and 8.76). In Sector 3, at level 3, a deposit of 
Choromytilus shells brought into the area by a runoff accounts for 18% of the assemblage 
of this sector (Table 8.77). In Subsector 3-2 Chiton granonsus and Donax obesulus were
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the most abundant species (Table 8.78). In Subsector 3-3 Chiton granosus and Fissurella 
limbata were the most abundant (Table 8.79).
A 2-S1
Species
S1-Csup S1-C1 S1-C3 T O TAL
M N I % M N I % M N I % M N I %
Chiton granosus 10 76.92 4 57.14 2 14.29 16 47.06
Chiton cum ingsii 0 0.00 0 0.00 3 21.43 3 8.82
F issurella  limbata 0 0.00 0 0.00 1 7.14 1 2.94
Sinum  cym ba 1 7.69 0 0.00 1 7.14 2 5.88
N assarius dentifer 1 7.69 0 0.00 0 0.00 1 2.94
Scutalus proteus 0 0.00 0 0.00 1 7.14 1 2.94
D o n a x obesulus 1 7.69 2 28.57 5 35.71 8 23.53
Tagelus dom beii 0 0.00 0 0.00 1 7.14 1 2.94
C htham alus cirratus 0 0.00 1 14.29 0 0.00 1 2.94
T O TAL 13 100 7 100 14 100 34 100





A 2-S2-C 1 A 2-S2-C 2 A 2-S2-C 3 A 2-S2-C 3 (Central) A 2-S2-C 3-R 3 A 2-S2-C 4 T O TAL
M N I % M N I % M N I % M N I % M N I % M N I % M N I %
C hiton granosus 50 42.37 38 27.74 89 57.42 0 0.00 0 0.00 7 70.00 184 42.20
C hiton cum ingsii 0 0.00 0 0.00 0 0.00 1 7.69 0 0.00 0 0.00 1 0.23
F issurella  limbata 0 0.00 4 2.92 6 3.87 0 0.00 0 0.00 0 0.00 10 2.29
Scurria  parasitica 3 2.54 5 3.65 5 3.23 0 0.00 1 33.33 0 0.00 14 3.21
P risogaster n iger 1 0.85 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.23
C repipatella  dilatata 1 0.85 0 0.00 2 1.29 0 0.00 0 0.00 0 0.00 3 0.69
Sinum  cym ba 4 3.39 7 5.11 5 3.23 0 0.00 0 0.00 0 0.00 16 3.67
Thais chocolata 0 0.00 3 2.19 0 0.00 0 0.00 0 0.00 0 0.00 3 0.69
Thais haem astom a 0 0.00 0 0.00 0 0.00 1 7.69 0 0.00 0 0.00 1 0.23
N assarius dentifer 3 2.54 1 0.73 1 0.65 0 0.00 0 0.00 0 0.00 5 1.15
P runum  curtum 0 0.00 0 0.00 1 0.65 0 0.00 0 0.00 0 0.00 1 0.23
Scuta lus proteus 8 6.78 8 5.84 0 0.00 0 0.00 0 0.00 0 0.00 16 3.67
G astropoda n/i 0 0.00 0 0.00 1 0.65 0 0.00 0 0.00 0 0.00 1 0.23
C horom ytilus chorus 0 0.00 0 0.00 0 0.00 8 61.54 0 0.00 0 0.00 8 1.83
P erum ytilus purpuratus 2 1.69 15 10.95 8 5.16 0 0.00 0 0.00 0 0.00 25 5.73
A rgopecten  purpuratus 0 0.00 0 0.00 0 0.00 1 7.69 2 66.67 0 0.00 3 0.69
M esodesm a donacium 0 0.00 2 1.46 1 0.65 0 0.00 0 0.00 0 0.00 3 0.69
D onax obesulus 44 37.29 54 39.42 36 23.23 1 7.69 0 0.00 3 30.00 138 31.65
Tagelus dom beii 1 0.85 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.23
C htham alus cirratus 1 0.85 0 0.00 0 0.00 1 7.69 0 0.00 0 0.00 2 0.46
T O T A L 118 100 137 100 155 100 13 100 3 100 10 100 436 100




A 2-S3-C 3 A 2-S3-C 3 (shell dep. S) A 2-S3-C 3 (ash dep.) A 2-S3-Pozo2 (prof. S.) A 2-S3-Pozo2 T O T A L
M N I % M N I % M N I % M N I % M N I % M N I %
C hiton granosus 31 15.12 49 8.64 25 38.46 0 0 0.00 0 105 12.44
C hiton cum ingsii 20 9.76 51 8.99 0 0.00 0 0 0.00 0 71 8.41
C hiton sp. 8 3.90 0 0.00 0 0.00 0 0 0.00 0 8 0.95
F issurella  limbata 5 2.44 9 1.59 8 12.31 0 0 0.00 0 22 2.61
F issurella  crassa 2 0.98 4 0.71 1 1.54 0 0 0.00 0 7 0.83
Scurria  parasitica 9 4.39 26 4.59 4 6.15 0 0 0.00 0 39 4.62
P risogaster n iger 3 1.46 9 1.59 0 0.00 0 0 0.00 0 12 1.42
C repipatella  dilatata 28 13.66 64 11.29 1 1.54 0 0 0.00 0 93 11.02
P olin ices uber 1 0.49 1 0.18 0 0.00 0 0 0.00 0 2 0.24
Sinum  cym ba 0 0.00 4 0.71 0 0.00 0 0 0.00 0 4 0.47
Thais chocolata 0 0.00 1 0.18 0 0.00 0 0 0.00 0 1 0.12
Thais haem astom a 0 0.00 4 0.71 0 0.00 0 0 0.00 0 4 0.47
N assarius dentifer 1 0.49 10 1.76 0 0.00 0 0 0.00 0 11 1.30
Scuta lus proteus 14 6.83 16 2.82 0 0.00 0 0 1.00 20 31 3.67
C horom ytilus chorus 24 11.71 121 21.34 2 3.08 2 100 2.00 40 151 17.89
P erum ytilus purpuratus 6 2.93 13 2.29 2 3.08 0 0 0.00 0 21 2.49
Sem im ytilus algosus 2 0.98 2 0.35 0 0.00 0 0 0.00 0 4 0.47
A rgopecten  pupuratus 0 0.00 1 0.18 0 0.00 0 0 0.00 0 1 0.12
P rotothaca thaca 2 0.98 7 1.23 1 1.54 0 0 0.00 0 10 1.18
Spisula  adam si 10 4.88 50 8.82 2 3.08 0 0 1.00 20 63 7.46
M esodesm a donacium 1 0.49 3 0.53 1 1.54 0 0 0.00 0 5 0.59
D onax obesulus 6 2.93 18 3.17 6 9.23 0 0 0.00 0 30 3.55
Tagelus dom beii 1 0.49 1 0.18 1 1.54 0 0 0.00 0 3 0.36
P elecypoda  n/i 1 0.49 4 0.71 0 0.00 0 0 0.00 0 5 0.59
C htham alus cirratus 29 14.15 99 17.46 10 15.38 0 0 1.00 20 139 16.47
G astropoda n/i 1 0.49 0 0.00 1 1.54 0 0 0.00 0 2 0.24
T O T A L 205 100 567 100 65 100 2 100 5 100 844 100
Table 8.77. Identified invertebrate species in Area 2, Sector 3.
A2-S3-2
Species
A 2-S3-2-C 4 A 2-S3-2-C 6 A 2-S3-2-C 8 T O TAL
M N I % M N I % M N I % M N I %
Chiton granosus 14 33.33 1 10.00 0 0.00 15 28.30
F issurella  crassa 3 7.14 0 0.00 0 0.00 3 5.66
F issurella  limbata 1 2.38 0 0.00 0 0.00 1 1.89
F issurella  m axim a 0 0.00 1 10.00 0 0.00 1 1.89
P risogaster n iger 1 2.38 0 0.00 0 0.00 1 1.89
P olin ices uber 0 0.00 1 10.00 0 0.00 1 1.89
N assarius dentifer 3 7.14 0 0.00 0 0.00 3 5.66
C horom ytilus chorus 5 11.90 0 0.00 1 100.00 6 11.32
Spisula  adam si 1 2.38 0 0.00 0 0.00 1 1.89
M esodesm a donacium 2 4.76 0 0.00 0 0.00 2 3.77
D o n a x obesulus 8 19.05 7 70.00 0 0.00 15 28.30
Tagelus dom beii 1 2.38 0 0.00 0 0.00 1 1.89
C htham alus cirratus 3 7.14 0 0.00 0 0.00 3 5.66
T O TAL 42 100 10 100 1 100 53 100




Species A 2-S3-3-C 3 A 2-S3-3-C 3 (East) A 2-S3-3-C 4 (NE) A 2-S3-3-C 4 (W est) A 2-S3-3-C 7 (Central zone) T O T A L
M N I % M N I % M N I % M N I % M N I % M N I %
C hiton granosus 19 33.33 0 0.00 0 0.00 3 50.00 0 0.00 22 22.92
F issurella  limbata 12 21.05 0 0.00 0 0.00 0 0.00 1 5.26 13 13.54
F issurella  m axim a 0 0.00 0 0.00 0 0.00 0 0.00 2 10.53 2 2.08
Scurria  parasitica 1 1.75 0 0.00 0 0.00 0 0.00 0 0.00 1 1.04
C repipatela dilatata 0 0.00 0 0.00 0 0.00 0 0.00 1 5.26 1 1.04
P olin ices uber 2 3.51 0 0.00 0 0.00 0 0.00 0 0.00 2 2.08
Sinum  cym ba 2 3.51 0 0.00 0 0.00 0 0.00 0 0.00 2 2.08
C oncholepas concholepas 0 0.00 1 100.00 1 7.69 0 0.00 1 5.26 3 3.13
Thais chocolata 0 0.00 0 0.00 0 0.00 0 0.00 1 5.26 1 1.04
Scuta lus proteus 9 15.79 0 0.00 0 0.00 0 0.00 0 0.00 9 9.38
C horom ytilus chorus 1 1.75 0 0.00 0 0.00 0 0.00 0 0.00 1 1.04
P erum ytilus purpuratus 2 3.51 0 0.00 0 0.00 3 50.00 0 0.00 5 5.21
A rgopecten  purpuratus 0 0.00 0 0.00 1 7.69 0 0.00 0 0.00 1 1.04
P rotothaca thaca 1 1.75 0 0.00 0 0.00 0 0.00 0 0.00 1 1.04
M esodesm a donacium 1 1.75 0 0.00 0 0.00 0 0.00 2 10.53 3 3.13
D onax obesulus 6 10.53 0 0.00 0 0.00 0 0.00 0 0.00 6 6.25
Tagelus dom beii 1 1.75 0 0.00 0 0.00 0 0.00 1 5.26 2 2.08
C htham alus cirratus 0 0.00 0 0.00 0 0.00 0 0.00 10 52.63 10 10.42
A nthozoa  n/i 0 0.00 0 0.00 11 84.62 0 0.00 0 0.00 11 11.46
T O T A L 57 100 1 100 13 100 6 100 19 100 96 100
Table 8.79. Identified invertebrate species in Area 2, Sector 3-3 by MNI.
C. Area 4
The sample of this unit was collected from levels 1, 2, 3, and levels 2, 4, and 5 of 
the extension unit to the north (see Chapter 6). Area 4 reported 19 taxa and a total of 130 
MNI. In this unit, the first 3 levels of excavations can be interpreted as a secondary 
deposit of the Third Phase of occupation of the site (associated with the stone architecture 
of Area 1 and the midden deposits of Area 2). So far, it is not possible to relate the rest of 





C1 C2 C3 Ext. C1 Ext. C4 Ext. C5 T O TAL
M N I % M N I % M N I % M N I % M N I % M N I % M N I %
C hiton cum ingsii 10 22.73 11 45.83 17 35.42 1 33.33 2 40.00 0 0.00 41 31.54
C hiton granosus 10 22.73 0 0.00 8 16.67 0 0.00 0 0.00 4 66.67 22 16.92
F issurella  crassa 1 2.27 1 4.17 6 12.50 1 33.33 0 0.00 0 0.00 9 6.92
F issurella  limbata 0 0.00 1 4.17 1 2.08 0 0.00 0 0.00 0 0.00 2 1.54
F issurella  m axim a 0 0.00 1 4.17 0 0.00 0 0.00 0 0.00 0 0.00 1 0.77
Scurria  parasitica 1 2.27 0 0.00 2 4.17 0 0.00 1 20.00 0 0.00 4 3.08
P risogaster n iger 0 0.00 0 0.00 1 2.08 0 0.00 0 0.00 0 0.00 1 0.77
C repipatella  dilatata 2 4.55 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 2 1.54
P olin ices uber 2 4.55 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 2 1.54
Sinum  cym ba 0 0.00 3 12.50 0 0.00 0 0.00 0 0.00 1 16.67 4 3.08
Thais chocolate 2 4.55 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 2 1.54
Thais haem astom a 0 0.00 0 0.00 1 2.08 0 0.00 0 0.00 0 0.00 1 0.77
N assarius dentifer 1 2.27 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.77
P runum  curtum 1 2.27 1 4.17 0 0.00 0 0.00 0 0.00 0 0.00 2 1.54
Scuta lus proteus 6 13.64 2 8.33 5 10.42 1 33.33 1 20.00 0 0.00 15 11.54
P erum ytilus purpuratus 1 2.27 1 4.17 2 4.17 0 0.00 0 0.00 0 0.00 4 3.08
Spisula  adam sii 1 2.27 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.77
D onax obesulus 6 13.64 2 8.33 5 10.42 0 0.00 1 20.00 1 16.67 15 11.54
Tagelus dom beii 0 0.00 1 4.17 0 0.00 0 0.00 0 0.00 0 0.00 1 0.77
T O T A L 44 100 24 100 48 100 3 100.0 5 100 6 100 130 100
Table 8.80. Identified invertebrate species in Area 4 by MNI.
D. Trench 2
The analyzed sample of Trench 2 came from Sector 4. During the recovery of 
remains this sector was divided into north and south sub-sectors due to the extension of 
the subunit and the kinds of findings. A total of 321 MNI was identified in this unit. The 
most abundant species were Chiton granosus and Argopectenpurpuratus. Argopecten 
shells were recovered at the southern part of Sector 4 from levels 4 to 6 and correspond to 
hearth deposits composed of shells, ash, and angular rock (see Chapter 6) (Table 8.81). 
Based on the stratigraphy of the site (see Chapters 6 and 7), I can suggest that these 
Argopecten deposits belong to another phase of occupation of the site different than those 
currently recognized (First to Third). More radiocarbon dates are needed in order to better 
understand the details of the processes of deposition and site formation. Nevertheless, 
these hearths (Argopecten + ash) are clearly a primary activity surface. Chiton plaques 
were found mostly in the more surficial levels of excavation. The molluscan remains 
from Trench 2 differ from those found in Areas 1, 2, and Trench 1 basically due to the 
high presence of Argopecten shells, which accounts for 24.3% of MNI of the entire 
sample (Table 8.80) from this unit and would correspond to a different phase of 
occupation than the majority of the remains from other units that are associated with the 
Third Phase of occupation. On the other hand, the presence of chiton in this unit is 




Species S4N-C3 S4N-C4A S4N-C4B S4S-C1 S4S-C2 S4S-C3 S4S-C4 S4S-C5 S4S-C6 S4S-C7
NMI % NMI % NMI % NMI % NMI % NMI % NMI % NMI % NMI % NMI % MNI %
C h ito n
g r a n o s u s 1 7.7 25 45.5 18 39.1 0 0.0 1 14.3 17 58.6 3 5.5 12 21.1 4 9.8 0 0.0 81 25.2
C h ito n
c u m in g s ii 6 46.2 4 7.3 14 30.4 4 50.0 5 71.4 3 10.3 11 20.0 3 5.3 2 4.9 0 0.0 52 16.2
F is s u r e l la
l im b a ta 0 0.0 1 1.8 0 0.0 1 12.5 0 0.0 0 0.0 0 0.0 1 1.8 1 2.4 0 0.0 4 1.2
F is s u r e l la
c ra s sa 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 3.4 0 0.0 0 0.0 0 0.0 0 0.0 1 0.3
S c u r r ia
p a r a s itic a 0 0.0 5 9.1 6 13.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 11 3.4
C re p ip a te la
d ila ta ta 0 0.0 2 3.6 0 0.0 0 0.0 0 0.0 1 3.4 0 0.0 3 5.3 0 0.0 0 0.0 6 1.9
P o l in ic e s  u b e r 0 0.0 0 0.0 1 2.2 0 0.0 0 0.0 0 0.0 2 3.6 0 0.0 1 2.4 0 0.0 4 1.2
S in u m  c y m b a 1 7.7 0 0.0 0 0.0 1 12.5 1 14.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 3 0.9
T h a is
c h o c o la ta 0 0.0 1 1.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 0.3
N a s s a r iu s
d e n tife r 0 0.0 1 1.8 0 0.0 0 0.0 0 0.0 1 3.4 0 0.0 0 0.0 1 2.4 0 0.0 3 0.9
P r u n u m
c u r tu m 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 1.8 0 0.0 0 0.0 1 0.3
P e r u m y ti lu s
p u r p u ra tu s 2 15.4 3 5.5 0 0.0 1 12.5 0 0.0 1 3.4 2 3.6 0 0.0 29 70.7 0 0.0 38 11.8
A r g o p e c te n
p u r p u ra tu s 0 0.0 2 3.6 0 0.0 0 0.0 0 0.0 4 13.8 33 60.0 33 57.9 0 0.0 6 60.0 78 24.3
S p is u la  a d a m si 0 0.0 0 0.0 3 6.5 0 0.0 0 0.0 0 0.0 1 1.8 0 0.0 0 0.0 0 0.0 4 1.2
M e s o d e s m a
d o n a c iu m 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 1.8 0 0.0 0 0.0 0 0.0 1 0.3
D o n a x
o b e su lu s 3 23.1 11 20.0 2 4.3 1 12.5 0 0.0 1 3.4 2 3.6 1 1.8 0 0.0 0 0.0 21 6.5
C h th a m a lu s
c irra tu s 0 0.0 0 0.0 2 4.3 0 0.0 0 0.0 0 0.0 0 0.0 3 5.3 3 7.3 4 40.0 12 3.7
TOTAL 13 100 55 100 46 100 8 100 7 100 29 100 55 100 57 100 41 100 10 100 321 100
Table 8.81. Identified invertebrate species in Trench 2 by MNI.
8.2.5.3.2. Conchal Viejo
Conchal Viejo is an extensive shell midden located on the southwest end of the 
paleoshoreline of Pampa de las Salinas. Two test pits of 2 m by 2 m were excavated in 
this site with the main purpose of collecting datable materials to establish a new 
chronology of the area. These test pits were excavated to around 40 cm depth in each 
case. The deposits in this site contain abundant shell remains mostly composed of 
Mesodesma followed by Semimytilus shells (Table 8.82). The analysis of the collected 
sample exemplifies the kind of content of this shell midden but by no means reflects the 
amount of remains in this site (see Chapter 6 for a description of the site and its 
extension). According to the new radiocarbon date obtained, the excavated deposits of 
Conchal Viejo correspond to a late occupation of the Pampa de las Salinas, later than the 







A 1-C 2 A 1-C5 A 2-C1 A 2-C 2 A 2-C 2 (Plt) A 2-C 4 (Plt) A 2-C 5(Plt)
M N I % M N I % M N I % M N I % M N I % M N I % M N I % M N I %
C hiton cum ingsii 3 2.88 3 16.67 0 0.00 0 0.00 2 3.08 0 0.00 0 0.00 8 1.32
C hiton granosus 3 2.88 2 11.11 0 0.00 0 0.00 2 3.08 0 0.00 0 0.00 7 1.16
C hiton sp. 0 0.00 2 11.11 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 2 0.33
F issurella  limbata 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.50 0 0.00 1 0.17
F issurella  m axim a 0 0.00 0 0.00 0 0.00 0 0.00 1 1.54 0 0.00 0 0.00 1 0.17
Scurria  parasitica 2 1.92 0 0.00 0 0.00 0 0.00 0 0.00 4 1.99 2 1.16 8 1.32
C repipatela dilatata 0 0.00 0 0.00 0 0.00 0 0.00 1 1.54 0 0.00 0 0.00 1 0.17
Thais chocolata 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.50 0 0.00 1 0.17
M azatlan ia  fu lgurata 0 0.00 1 5.56 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.17
P erum ytilus purpuratus 3 2.88 0 0.00 0 0.00 0 0.00 2 3.08 17 8.46 2 1.16 24 3.97
Sem im ytilus algosus 0 0.00 0 0.00 0 0.00 0 0.00 9 13.85 96 47.76 20 11.63 125 20.70
Spisula  adam si 3 2.88 0 0.00 14 93.33 3 10.34 3 4.62 9 4.48 3 1.74 35 5.79
M esodesm a donacium 89 85.58 10 55.56 1 6.67 26 89.66 27 41.54 49 24.38 138 80.23 340 56.29
D onax obesulus 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 2 1.16 2 0.33
C htham alus cirratus 1 0.96 0 0.00 0 0.00 0 0.00 18 27.69 24 11.94 5 2.91 48 7.95
T O T A L 104 100 18 100 15 100 29 100 65 100 201 100 172 100 604 100
Table 8.82. Identified malachological species by M NI in Area 1 and Area 2 at the site Conchal Viejo.
8.2.5.3.3. Los Pescadores
One test pit was excavated at a small square structure at the site of Los 
Pescadores. This excavation uncovered some organic remains that may suggest that the 
structure was a storage room. Although the excavations did not yield many remains, this 
analysis identified the presence of mostly Perumytiluspurpuratus and Spisula adamsi. 






M N I % M N I % M N I % M N I % R ank
Perum ytilus purpuratus 54 85.71 15 71.43 9 37.50 78 72.22 1
Spisula  adam si 4 6.35 4 19.05 13 54.17 21 19.44 2
Scutalus proteus 2 3.17 2 9.52 1 4.17 5 4.63 3
Tegula atra 0 0 0 0 1 4.17 1 0.93 4
N assarius dentifer 1 1.59 0 0 0 0.00 1 0.93 4
Sem im ytilus algosus 1 1.59 0 0 0 0.00 1 0.93 4
C htham alus cirratus 1 1.59 0 0 0 0.00 1 0.93 4
T O TAL 63 100 21 100 24 100 108 100
Table 8.83. Invertebrate species identified in Area 1, Los Pescadores.
8.2.5.4. Comments
The invertebrate sample from Los Morteros reflects an exploitation of intertidal 
and subtidal sandy, rocky, and mixed bottoms. However, the most abundant species of 
the assemblage correspond to rocky shores, except for Mesodesma. Many of the 
identified species can be found at depths less than 5 meters (Sandweiss 1982; Reitz
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1988). The total analyzed sample from Los Morteros has 2446 MNI and 26,667 NISP, 
and weighs 30,616 gr. The majority of these remains (70%) belong to the Third Phase of 
occupation of the site recorded during the 2012 season. In this sample, the most important 
species in terms of meat content are Choromytilus chorus, Perumytiluspurpuratus, 
Crepipatella dilatata, and Donax obesulus. On the other hand, Chthamalus cirratus is a 
parasitic species found attached to other major invertebrates such as Choromytilus 
chorus, Argopecten purpuratus, and Concholepas concholepas. The limpet Scurria 
parasitica can be found attached to large chitons (Reitz 1988). Choromytilus chorus lives 
in mixed sandy/rocky bottoms between 2 and 30 m (Sandweiss 1982; Reitz 1988). 
Perumytilus purpuratus occupies the upper part of the rocks in intertidal zones (Reitz 
1988). Mesodesma donacium, Donax obesulus, and Argopectenpurpuratus live in sandy 
and rocky sandy bottoms between 1 and 4 meters. The presence of these species indicates 
that the Mortereans explored sandy and rocky substrates and took advantage of most of 
the species that inhabited these beaches. The species that compose the assemblage of Los 
Morteros are typical of the cool waters of the Peruvian ocean and can be found these days 
in the beaches close to Pampa de las Salinas. Choromytilus chorus and Mesodesma 
donacium suffered a migration southwards, apparently at the end of the Initial Period 
(~2800 BP) dissapiring from all sites between 7° and 9° S (Sandweiss et al. 2001). Prior 
to El Nino of 1982-83, the northern limit of Mesodesma donacium was near Ventanilla 
(just north of Lima) (Sandweiss 1982, 1992), but the El Ninos of 1982-83 and 1997-98 
restricted its range to Lomas and then northern Chile. Another factor affecting the current 
availability of the invertebrates in the area is the modern overexploitation of marine 
resources.
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I stated at the beginning of this section that due the nature of the deposits that 
contained most of the organic remains, no further interpretations in terms of changes in 
preferences, natural availability, or climate can be made. Nevertheless, the sample from 
Los Morteros has some similarities to reported invertebrates from other coastal 
Preceramic sites such as Huaca Prieta (Bird et al. 1985a), Gavilanes (Pena 1982), Paloma 
(Reitz 1988), El Paraiso (Quilter et al. 1991), Padre Aban (Pozorski and Pozorski 1983), 
and Alto Salaverry (Pozorski and Pozorski 1977). Comparing the data from these sites 
including Los Morteros (see also Alva (1986) for Salinas de Chao), there is a clear shift 
from abundance of Choromytilus chorus and Mytilidae (mussels) in Middle Preceramic 
and Early Late Preceramic sites to Mesodesma donacium and Donax obesulus in sites of 
the Terminal Preceramic and Initial Period sites (see below).
In the case of the assemblage from Conchal Viejo, this is mostly composed of 
Mesodesma shells (56%) which are a sandy-substrate species found between 1 to 8 m of 
waters (Sandweiss 1982). The second most abundant species of this shell midden is 
Semimytilus algosus (20%) which is an intertidal rock dweller.
Comparing the results of Los Morteros and Conchal Viejo we notice that
Mesodesma shells appear in Los Morteros in the thirteenth place by MNI, second place
by NISP, and third place by weight. Mesodesma in Los Morteros was among the most
important species but not as important as it appeared to have been for Conchal Viejo.
This difference is explained by analyzing the radiocarbon dates for Los Morteros and
Conchal Viejo obtained in the 2012 season (see Chapter 9 for a more detailed
discussion). The new calibrated dates of the midden deposits of Los Morteros (Third
Phase of occupation) are 5570-5041 cal. yrs. BP and 5469-5050 cal. yrs. BP. The new
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calibrated date obtained for Conchal Viejo yielded 2302-1933 cal. yrs. BP, considerably 
later than the latest occupation recorded for Los Morteros. Cardenas et al. (1999) 
published two dates for Conchal Viejo 5899-5334 cal. yrs. BP and 5576-5292 cal. yrs. 
BP. It is likely that Cardenas excavated a sector of the site with older deposits than I did 
but even then, Conchal Viejo continues to have an older occupation than Los Morteros. 
Moreover, the homogeneous content, almost exclusively composed of Mesodesma and 
Perumytilus shells, also differs from the high diversity of the assemblage of Los 
Morteros. A possible explanation for this difference in the radiocarbon dates is that 
Conchal Viejo was an extraction site occupied before the dated middens of Los Morteros 
(before the Third Occupation of this site). Conchal Viejo could have been a site active at 
several phases of the Preceramic Period of Pampa de las Salinas with sporadic later 
reuses (during ceramic periods as showed by the new radiocarbon date). More 
excavations and more dates are needed for this site to have a better understanding of its 
chronology. Dating the new shell middens recorded by this project on the northwest end 




The macrobotanical analysis was carried out by Lic. Giancarlo Ubillus. Seventy- 
six bags containing sediments were analyzed for macrobotanical recovery. All samples
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were collected at Los Morteros from Area 1, Area 2, Trench 1, and Trench 2. No 
macrobotanical examinations were done on materials from Conchal Viejo or Los 
Pescadores.
The identification of the specimens was based on macroscopic observations using 
a magnifying glass, a personal comparative collection, and specialized literature (Martin 
and Barkley 1961; Towle 1961; Gunn and Ritchie 1988; Pearsall 1989).
The results presented in this section are based on the quantification of diagnostic 
specimens grouped by units of excavation and layers of provenience. The most frequent 
and abundant of the macrobotanical remains found at Los Morteros was charcoal; 
however, I did not include analysis of charcoal for the 2012 season although I recovered 
several large specimens of charcoal that can be useful for further analysis.
8.3.I.2. General Results
The analysis identified 12 taxa, two of these to the class level, five to the family 
level, and five to the species level. Three botanical families were recorded in this 
analysis: Malvaceae, Fabaceae, and Cyperaceae.
Even when the macrobotanical remains were scant in excavated contexts at Los 
Morteros, the lack of a more complete comparative collection limited the identification of 
the macrobotanical remains.
In the case of the Malvaceae, there are 32 genera reported for the Peruvian 
territory. The most representative species of this family are cotton and malva. In the
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assemblage from Los Morteros we found pieces of stalks that could correspond to cotton; 
however the preservation of these were not sufficient for a secure identification.
In the case of the Fabaceae remains, these have been found in the assemblage 
from Los Morteros in the form of small seeds which, based on their sizes, could have 
been wild species of shrubs or bushes that were used as fuel since these seeds were burnt.
The Cyperaceae family has 21 genera identified in Peru, with most of the species 
of this family being used for industrial purposes. The most characteristic species of this 
family are Schoenoplectus americanus (junco) and Scirpus californicus (totora). The 
identified specimen from Los Morteros corresponds to a small root but no further 
identification was possible.
The most frequent and abundant macrobotanical remain in Los Morteros was 
cotton (Gossypium barbadense) in the form of burnt seeds which indicate that besides the 
fiber, cotton plants and seeds were used as fuel. Other specimens identified to the level of 
species were Inga feuillei (pacae), Pouteria lucuma (lucuma), Psidium guajava 
(guayaba), and Cenchrus echinatus (sandbur) (Table 8.84).
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F am ily Species













Sapotaceae Pouteria lucuma lucuma lucuma X













Table 8.84. Identified macrobotanical specimens in Los Morteros by type of remain.




The only evidence of Ingafeuillei seeds (pacae) was found in Area 1, Sector 1, 
associated with the stone architecture and the Third phase of occupation of the site. The 
macrobotanical remains of this unit also included Fabaceae seeds and a piece of 
unidentified wood (Table 8.85).
A 1-S1-C 1
Class Fam ily Species C om m on N am e N ISP Elem ent
Dicotiledonea Fabaceae Inga  feu ille i pacae 8 carbonized seeds
Dicotiledonea Fabaceae 30 carbonized seeds
Dicotiledonea wood/madera 6 unburnt fragments
Table 8.85. Macrobotanical remains identified in Area 1.
B. Area 2
Area 2, as in other cases, contained the majority of the macrobotanical remains. 
These remains were found in the middens of the Third Phase of occupation of Los 
Morteros. A total of 409 NISP were identified in this analysis. The majority of the 
remains in this area correspond to charred cotton seeds but fruits such as guayaba 
(Psidium guajava) and lucuma (Pouteria lucuma) were also identified. Specimens of the 
Fabaceae, Poaceae (including cadillo), and Cyperaceae families were also included in 








N ISP E lem ent N ISP Elem ent N ISP E lem ent












D icotiledonea Fabaceae 5
carbonized
seeds
D icotiledonea w ood/m adera 1
unburnt
fragm ent
T O T A L 14 33 15
Table 8.86. Macrobotanical remains identified in Area 2, Sector 1.
A 2-S2
Class Fam ily Species C om m on N am e
C1 C2
N ISP Elem ent N ISP Elem ent









D icotiledonea M yrtaceae P sidium  guajava guayaba 9 carbonized seed












cadillo 1 flow er
M onocotiledonea Cyperaceae 1
carbonized root 
fragm ent
T O T A L 59 58
Table 8.87. Macrobotanical remains identified in Area 2, Sector 2.
A 2-S3-C 3
Class Fam ily Species C om m on N am e N ISP Elem ent
D icotiledonea M alvaceae G ossypium  barbadense cotton/algodön 43 carbonized seeds
D icotiledonea Fabaceae 18 carbonized seeds
T O TAL 61
Table 8.88. Macrobotanical remains identified in Area 2, Sector 3.
A 2-S3-2




N ISP E lem ent N ISP E lem ent





70 carbonized seeds 35
carbonized
seeds
D icotiledonea Fabaceae 1 carbonized vaina
9 carbonized seeds
T O TAL 80 35
Table 8.89. Macrobotanical remains identified in Area 2, Sector 3-2.
A 2-S3-3
Class Fam ily Species
C om m on
N am e
C3 C4
N ISP E lem ent N ISP E lem ent


























M onocotiledonia Cypercaceae 1
carbonized
stalk
T O TAL 54 4
Table 8.90. Macrobotanical remains identified in Area 2, Sector 3-3.
C. Trench 1
burnt cotton seeds and Fabaceae seeds found only in layer 2. 
a secondary deposit of the Third Phase of occupation of Los
Morteros (Table 8.91).
This unit contained 
This level is interpreted as
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T1-C2
Class Fam ily Species C om m on N am e N ISP Elem ent
Dicotiledonea Malvaceae G ossypium  barbadense cotton/algodön 4 carbonized seeds
Dicotiledonea Fabaceae 3 carbonized seeds
T O TAL 7
Table 8.91. Macrobotanical remains identified in Trench 1.
D. Trench 2
This unit only reported macrobotanical remains in Sector 4, level 4 which 
consisted of 13 burnt cotton seeds and a piece of Malvaceae wood (Table 8.92). So far, 
there is no primary association for these remains.
T 2-S4-C 4
Class Fam ily Species
Com m on
N am e
N ISP Elem ent
Dicotiledönea Malvaceae G ossypium
barbadense
cotton/algodön 13 carbonizedseeds
Dicotiledönea Malvaceae wood/madera 1 carbonizedfragment
T O TAL
Table 8.92. Macrobotanical remains identified in Trench 2.
8.3.1.4. Comments
The preservation of macrobotanical remains in deposits excavated during the 
2012 season at Los Morteros was very poor. The most frequent and abundant remains are 
charred cotton seeds that were found in all sampled units. Three fruits: pacae, lucuma, 
and guayaba were also identified along with a flower of cadillo (Cenchrus sp.). The 
macro remains of the sample also included Fabaceae (bean or legume), Cyperaceae
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(sedge family that inhabits moist and open habitats), Scirpus (totora is a species of this 
family), and Poaceae (Graminidae or grass family) (Pearsall 2004).
Carbonized cotton seeds have been identified as Gossypium barbadense. A 
sample of carbonized seeds from Area 1 wielded a 2 o calibrated date of 5570-5041 cal. 
yrs. BP (4629±63 RC yrs. BP) which represents the Third Phase of occupation of the site. 
The length of complete carbonized seeds recovered from this phase at Los Morteros is 
between ~5 mm and 7 mm, although this is a rough estimate since not all specimens were 
measured. This size is similar to preceramic seeds from Huaca Prieta (although those 
seed were uncharred); from the Ancon sites that were also identified as G. barbadense 
(Stephens and Moseley 1974; Stephens 1975); and from El Paraiso (Damp and Pearsall 
1994); but smaller than those from La Galgada (Smith 1988; Damp and Pearsall 1994). 
Carbonized seeds from Los Morteros are slightly larger than at the Ancon sites (Figure 
8.25), although no carbonized seeds were recovered from Ancon that would be 
contemporary with the Third Phase occupation of Los Morteros (Playa Hermosa Phase in 
Ancon). The majority of uncarbonized seeds (15) from Playa Hermosa had similar length 
(~6 mm) to the measured specimens from Morteros but those were considered in 
disagreement with the rest of the samples since they exhibited larger seeds in early phases 
(Stephens and Moseley 1974, tables 6 and 7: 120-121). If cotton seeds experienced a 
growth over time from wild to cultivated stages as stated for the Ancon specimens and if 
Ancon represents early stages of cotton domestication (Stephens and Moseley 1974:120), 
cotton seeds from Los Morteros would indicate that it is likely we will find a much earlier 
presence of cotton in the valley (with smaller seeds) dating before 5570-5041 cal. yrs.
369
BP. Such a find would indicate independent regional processes of domestication along 
the Peruvian coast.
The cotton from Los Morteros is among the earliest coastal examples along with 
those from the Ancon sites of the Playa Hermosa Phase (Pampa: 5440-4661 cal. yrs. BP 
and Camino: 5440-4661 cal. yrs. BP; Stephens and Moseley 1974), Aspero (seeds, fibers, 
and bolls with associated dates of 5028-4152 cal. yrs. BP (based on cotton textile), 5289­
4407 cal. yrs. BP, 4820-3983 cal. yrs. BP; Feldman 1980: 248-249), Caral (Shady and 
Leyva 2003), Los Gavilanes (fiber and seeds from pits associated to Epoca 2: 5038-4098 
cal. yrs. BP and Epoca 3: 4412-3728 cal. yrs. BP; Stephens 1982), and Huaca Prieta 
(Cotton yard yielding a 2o calibrated date of 6882-6657 cal. yrs. BP (Grobman et al. 
2011); Test Pit 3 with a 2o calibrated date of 3962-2185 cal. yrs. BP (Hutchinson 1959; 
Hutchinson et al. 1947; and Towle 1961 in Bird et al. 1985a; Stephens 1975)). Another 
early presence of cotton near the area comes from a site of the Tierra Blanca Phase in the 
Nanchoc Valley where a cotton boll in a house floor had an associated date of 6278-5948 
cal. yrs. BP based on charcoal of a hearth (Dillehay et al. 2007, table 1) (Figure 8.26). 
Interestingly, the cotton seeds from Los Morteros are the oldest directly dated in Peru.
Thes results of the macrobotanical analyses are complemented with the phytoliths 
and starch analyses of the next section.
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Figure.8.26. Comparison of 2o calibrated dates associated with the presence of cotton 
remains in Middle and Late Preceramic sites. Y axis represents calibrated years before 
present. In the case of Caral, dates correspond to the occupation of the site reported in 
Shady et al. (2001), not directly dating contexts with cotton.
8.3.2. Microbotanical Analysis
8.3.2.I. Methodology
The microbotanical analysis was carried out by Dr. Luis Huaman at the 
Palynology Laboratory of the Universidad Peruana Cayetano Heredia. This analysis 
consisted of the identification of starch and phytoliths on 14 samples collected in Area 1, 
Area 2, and Trench 2 at Los Morteros.
These analyses were done taking 5 gr subsamples of each sample using the
technique proposed by Horrocks (2005), which is based on separation via 1.8-1.9 gr/ml
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zinc bromide for the recovery of starch, and 2.3 gr/ml zinc bromide for the recovery of 
phytoliths. The preparation and set up of the samples was done inside an exhaust hood 
using gloves without powder and sterilized materials to avoid contamination. The 
concentration technique was applied in the case of the samples with lower amounts of 
sediments, which consists of centrifuging the samples before setting them up directly on 
the slides.
Slide preparations and observations of starch and phytoliths were carried out 
separately. For the identification of starch the slides were set up using glycerin and the 
observation was done with a 400X optical microscope with a polarized filter. Phytoliths 
were observed in a Permount set up with an optical microscope. The identification of 
both kinds of remains was aided with the comparative sample of the Palynology 
Laboratory of the Universidad Peruana Cayetano Heredia as well as specialized literature 
(Pearsall et al. 2003; Babot 2004; Perry 2004; Piperno 2005; Perry et al. 2006).
8.3.2.2. Results
The results of the microbotanical analysis are reported as signs of presence of 
certain botanical species. Since these analyses identify grains of starch and remains of 
phytoliths, no further quantification can be assumed. However, the frequency of the 
identified remains is indicative that the identified species, families, and sub families were 
intentionally present in Los Morteros. This analysis also complements the macrobotanical 
results.
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To read the following results, use Table 8.93 to identify the sample code that
indicates the provenience of the sample in terms of units and levels of excavation.
Phytoliths Codes Starch Codes Sam ple Codes
Exavation
U nit
F1 A1 T2-S1-C Sup- M U 02 T2
F2 A2 A 1-S1-C 4-M U 11 A1
F3 A3 A 2-S1-C 1-M U  01 A2
F4 A4 A 2-S3-2-C 3-M U 18 A2
F5 A5 A 2-S3-C 2-M U 15 A2
F6 A6 T2-S1-C 4-M U  05 T2
F7 A 7 A 1-S1-C 4-M U 09 A1
F8 A8 A 2-S3-1-C 4-M U 16 A2
F9 A9 A 2-S1-C 2-M U 03 A2
F10 A 10 T2-S1-C 5-M U 06 T2
F11 A11 T2-S1-C 1-M U 03 T2
F12 A12 A 2-S3-1-C 8-M U 17 A2
F13 A13 T2-S1-C 7-M U 10 T2
F14 A14 T2-S1-C8-M U11 T2
Table 8.93. Sample codes assigned at the Palynology Laboratory of the Universidad 
Peruana Cayetano Heredia and field codes of samples with provenance units. F 
corresponds to phytoliths (fitolito) while A refers to starch (almiddn).
A. Starch
Five of the 14 samples contained starch grains. The identified species in this 
analysis were Manihot esculenta (manioc/yuca), Phaseolus lunatus (lima bean/pallar), 
Solanum tuberosum (potato/papa), and Zea mayz (maize/maiz) (Tables 8.94 and 8.95; 
Figure 8.27).
The starch grains of Phaseolus lunatus were found only in two samples from 
Trench 2, while Zea mays (maize) was found only in Area 1. Manihot esculenta was
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identified in one sample from Trench 2. Solanum tuberosum was identified in Area 2 
(Table 8.94 to 8.98).
According to this analysis, Trench 2 had two varieties of edible species, while 
Area 1 had only Zea mayz, and Area 2 only Solanum tuberosum (Table 8.94 to 8.98).
U nit Starch Code M anihot esculenta Phaseolus lunatus Solanum tuberosun Zea mays
Trench 2 A1 X
Area 1 A 2 X
Area 2 A3
Area 2 A 4
Area 2 A5
Trench 2 A 6
Area 1 A 7
Area 2 A 8 X
Area 2 A 9
Trench 2 A10 X




Table 8.94. Presence/absence of starch grains (A) in the analyzed samples by units of 
provenience.
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U nit Starch Code M anihot esculenta Phaseolus lunatus Solanum tuberosun Zea mays T O TAL
Trench 2 A1 0 1 0 0 1
Area 1 A 2 0 0 0 1 1
Area 2 A3 0 0 0 0 0
Area 2 A 4 0 0 0 0 0
Area 2 A5 0 0 0 0 0
Trench 2 A 6 0 0 0 0 0
Area 1 A 7 0 0 0 0 0
Area 2 A 8 0 0 1 0 1
Area 2 A 9 0 0 0 0 0
Trench 2 A10 0 1 0 0 1
Trench 2 A11 1 0 0 0 1
Area 2 A12 0 0 0 0 0
Trench 2 A13 0 0 0 0 0
Trench 2 A14 0 0 0 0 0
Table 8.95. Quantification of starch grains per sample.
Figure 8.27. Starch grains: Manihot esculenta (A); Phaseolus lunatus (B); Solanum 
tuberosum (C).
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A 1-S4-C1 A 2 0 0 0 1
A 1-S1-C1 A 7 0 0 0 0
T O TAL 0 0 0 1










A 2-S1-C1 A3 0 0 0 0
A 2-S1-C 2 A9 0 0 0 0
A 2-S3-C 2 A5 0 0 0 0
A 2-S3-1-C 4 A8 0 0 1 0
A 2-S3-1-C 8 A12 0 0 0 0
A 2-S3-2-C 3 A4 0 0 0 0
T O TAL 0 0 1 0
Table 8.97. Identified starch remains in Area 2.







T2-S1-C sup A1 0 1 0 0
T2-S1-C1 A11 1 0 0 0
T2-S1-C 4 A 6 0 0 0 0
T2-S1-C5 A10 0 1 0 0
T2-S1-C 7 A13 0 0 0 0
T2-S1-C 8 A14 0 0 0 0
T O TAL 1 2 0 0
Table 8.98. Identified starch remains in Trench 2.
B. Phytoliths
Six morphotypes were identified in six different taxa. The taxonomic groups 
identified are: Subfamily Bambusoideae (canes that grow close to watercourses), Sub 
family Festucoideae, Sub family Pooideae (a subfamily of the Poaceae, it is represented 
by grasses and canes), Asteraceae (sunflower family, inhabitats open coastal areas, can
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also be related to shrubs and wild herbs) (Pearsall 2004), and the species Persea 
americana (avocado/palta), and Phaseolus sp. (likely common beans or lima beans). 
Diatoms and sponge spicules were also found during this analysis, remains that favor 
moist environments (Pearsall 2004) (Tables 8.99 to 8.103; Figures 8.28 and 8.29).
The majority of these remains (mostly those from Area 1 and Area 2) belong to 
the Third Phase of occupation of Los Morteros. In the case of the samples from Trench 2, 
the samples were collected from several levels of Sector 1 because of the different nature 
of the deposits. Unlike deposits of the middens in Area 2, sediments in Sector 1 of Trench 
2 were very dark, fine-grained sand with very few macro-remains. I interpreted these 
characteristics in the field as the result of organic decomposition probably from plant 
remains. Since these samples were collected at excavations levels that went from the 
surface to 1 m, I suspect that they are late deposits probably contemporary with the 



















sp. D iatom s
Sponge
spicules
T2 F1 X X X X X X X
A1 F2 X X X X X X
A 2 F3 X X X X X X X
A 2 F4 X X X X X X
A 2 F5 X X X X X X
T2 F6 X X X X X X
A1 F7 X X X X X X X
A 2 F8 X X X X X X
A 2 F9 X X X X X X X
T2 F10 X X X X X X X
T2 F11 X X X X X X
A 2 F12 X X X X X X X
T2 F13 X X X X X
T2 F14 X X X X X
Table 8.99. Presence/absence of phytoliths (F), diatoms, and sponge spicules in the analyzed samples.
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unit code B am busoideae F estucoideae Pooideae A steraceae americana sp. spicules
T2 F1 2 6 2 2 4 0 40 10 66
A1 F2 0 8 0 8 2 2 52 18 90
A2 F3 5 11 1 10 0 2 23 6 58
A2 F4 3 0 5 9 1 0 22 6 46
A2 F5 0 8 0 11 2 2 49 9 81
T2 F6 2 10 1 8 0 1 17 0 39
A1 F7 1 11 0 12 7 1 35 17 84
A2 F8 2 9 4 9 0 0 41 18 83
A2 F9 3 6 3 11 0 1 29 11 64
T2 F10 3 8 0 8 2 2 46 18 87
T2 F11 1 0 0 9 4 8 48 20 90
A2 F12 0 2 2 8 2 2 45 10 71
T2 F13 0 8 0 6 1 0 38 15 68
T2 F14 0 8 0 8 2 2 52 0 72
















sp. D iatom s
Sponge
spicules
A 1-S4-C1 F2 0 8 0 8 2 2 52 18
A 1-S1-C1 F7 1 11 0 12 7 1 35 17
T O T A L 1 19 0 20 9 3 87 35
















sp. D iatom s
Sponge
spicules
A2-S1-C1 F3 5 11 1 10 0 2 23 6
A 2-S1-C 2 F9 3 6 3 11 0 1 29 11
A2-S3-C1 F8 2 9 4 9 0 0 41 18
A 2-S3-C 2 F5 0 8 0 11 2 2 49 9
A 2-S3-1-C 8 F12 0 2 2 8 2 2 45 10
A 2-S3-2-C 3 F4 3 0 5 9 1 0 22 6
T O T A L 13 36 15 58 5 7 209 60
















sp. D iatom s
Sponge
spicules
T2-S1-C sup F1 2 6 2 2 4 0 40 10
T2-S1-C1 F11 1 0 0 9 4 8 48 20
T2-S1-C 4 F6 2 10 1 8 0 1 17 0
T2-S1-C5 F10 3 8 0 8 2 2 46 18
T2-S1-C 7 F13 0 8 0 6 1 0 38 15
T2-S1-C 8 F14 0 8 0 8 2 2 52 0
T O T A L 8 40 3 41 13 13 241 63
Table 8.103. Quantification of phytoliths, diatoms, and sponge spicules in samples from Trench 2.
Figure 8.28. Phytoliths and silicate bodies: Phaseolus sp. (A); diatoms (B and E); sponge 
spicule (C); Asteraceae diagnostic morphotype (D).
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Figure 8.29. Presence/absence and abundance of identified botanical taxa per sample 
analyzed.
8.3.2.3. Comments
These microbotanical analyses complement the results from the macrobotanical 
remains by adding species such as Phaseolus sp., Phaseolus lunatus, Manihot esculenta, 
Persea americana, Solanum tuberosum, and Zea mays to the Preceramic botanical 
assemblage of Los Morteros. Likewise, these analyses confirm the presence of grass, 
cane, and sedge vegetation from coastal, riverine, and wetland environments.
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The botanical assemblage of Los Morteros can be compared to similar species 
found at other coastal Preceramic sites such as Huaca Prieta (Bird 1848; Bird et al.
1985a; Grobman et al. 2011), Padre Aban (Pozorski and Pozorski 1983), Alto Salaverry 
(Pozorski and Pozorski 1977, 1983), Gavilanes (Popper 1982), Aspero (Feldman 1980), 
El Paraiso (Quilter et al. 1991), and Chilca (Jones 1988). The botanical assemblage of the 
Late Preceramic Period includes also Cucurbita and Lagenaria among the most common 
plant remains of this period. At Los Morteros, none of these species were identified in the 
botanical analyses, however, I found a large piece of gourd in a small huaquero pit on the 
surface of the small preceramic mound some meters north of Los Morteros, which seems 
to have been part of the site, but is currently separated by a runoff. Lagenaria sp. at Los 
Morteros is reported by Cardenas (1999) as fragments and seeds in four units (Pozo A, C, 
D, and E).
Other common Late Preceramic species not yet identified at Los Morteros are 
Capsicum sp. (chili peppers) and Arachis hypogaea (peanut). On the other hand, one 
species not common in coastal Preceramic sites but identified in Los Morteros is Manihot 
esculenta (manioc). Manioc is also reported for Quebrada Las Pircas site CA-09-27 
(9800-7800 cal.yrs. BP), Pampa de Ventanilla (ca. 6800 BP), Tank site (ca. 5800 BP); 
Buena Vista (ca. 4606 BP), and Carhua (ca. 4500 BP) (Rosen et al. 1996; Dillehay et al. 
2007; Dillehay 2011; Isendahl 2011). The sample from Los Morteros is associated with 
the Third Phase of occupation of the site dated at 5570-5041 cal. yrs. BP.
A total of eight edible species were identified in the middens of the Third Phase
of occupation of Los Morteros (lucuma, pacae, guayaba, beans, manioc, avocado, potato,
and maize). One industrial species (cotton) was the most abundant and frequent in this
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site. Other taxa not identified to the species or genus level seem to have included sedge 
(.Typha?), grass, and canes from local environments.
8.4. Human Coprolites
A deposit with human coprolites was found at Los Morteros in the south part of 
the east profile of Area 2, along with domestic midden deposits. The coprolite deposit is 
approximately 40 cm thick and contained two kinds of coprolites based on the color of 
the visible specimens. This midden deposit corresponds to a late occupation of Los 
Morteros likely related to the stone architecture found on top of the mound in Area 1 (for 
the proposed chronology and sequence of these occupations see Chapters 7 and 9).
Samples for this analysis were taken after cleaning the exposed profiles of the 
coprolite deposits (Figure 8.30). Two samples (LM001, LM002), one of each color, were 
taken for this analysis.
The following section summarizes the methodology, identification, and results of 
this analysis.
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Figure 8.30. Deposit containing human coprolites found in the southeast profile of Area 
2, Los Morteros.
8.4.1. Methodology
The samples were analyzed at the Palynology Laboratory of the Universidad 
Peruana Cayetano Heredia between July and September 2013. Dr. Luis Huaman was in 
charge of the team that carried out this study.
The main objectives of this analysis were the identification of the origin of the 
samples to determine if these samples were of human or animal origin, as well as to 
determine the nature of their composition.
This analysis had three components:
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- Macroremains analysis: samples were rehydrated in an aqueous solution of 0.5% 
trisodium phosphate (NA3PO4), to preserve seeds, vegetal tissue, fibers, bone 
remains, and other kinds of digested remains present in the sample.
- Microremains analysis: consisted of pollen, phytolith, and starch analysis.
- Parasite analysis: parasite identification to determine the zoologic origin of the 
sample and the ecology of the remains.
8.4.2. Results
Both samples (LM001 and LM002) were identified as human in origin based on 
their composition, morphometry, and the organoleptic characteristics of the chemical 




This sample presented characteristics that correspond to human feces. The content 
found in this sample (bean starch, anchovy bones, guayaba seeds), as well as the dark 
color of the rehydrated solution, and the results of the origin analyses presented in this 
section support the human origin of sample LM001.
The following sections provide details of the coprolite analyses.
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8.4.2.I.2. Morphometric Characteristics
Sample LM001 had a dark brown to light brown color; some parts of the coprolite
had cylindrical shape, while other parts were disaggregated (Table 8.104; Figure 8.31).
The macro-visual examination of sample LM001 identified the presence of Prosopis sp. 
seeds and unknown exocarps.
Figure 8.31. Sample LM001. Left: Sample with Pantone and metric scales. Some 






































C y lin d rica l 
in  complete 





P r o s o p is  sp. 
Seeds.
Table 8.104. Morphometric characteristics of sample LM001.
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8.4.2.I.3. Rehydration Characteristics
The rehydration of sample LM001 yielded presence of fat on the surface of the 
sample, which can be due to animal protein. The characteristic of the particular smell can 
be related to presence of animal protein as well (Table 8.105; Figure 8.32).
Figure 8.32. Rehydration solution in preparation for macroscopic and parasite analysis.







foam  on  
surface
B otanical 
rem ains on o f  
surface
LM -001 R eddish  brow n 56M  470M M edium 30%
R ancid, 







40%  o f  the 
surface
Table 8.105. Characteristics of rehydration of sample LM001.
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8.4.2.I.4. Compositional Characteristics
The identified contents found in sample LM001 indicate a rich botanical and 
animal content of the sample. The richness of the content (diversity of elements found in 
the samples) of analyzed samples helped to determine their origin. Among this content, it 
is interesting to remark the presence of anchovy, beans, pacae, and guayaba (Tables 
8.106 and 8.107; Figure 8.33).
C ode T yp e o f  R em ain  C lass/O rd er /F am ily  D eterm in ation
Starch Fabaceae Phaseolus vulgaris
Charcoal Charcoal Charcoal
D iatom Undeterm ined Undeterm ined diatom

















Potam ogetonaceae Potam ogetonaceae
Typhaceae Typha
Seed M yrtaceae Psidium  guajaba
Tabe 8.106. Identified remains found in sample LM001.
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LM -001 yes yes yes yes yes yes
Table 8.107. Richness of content of sample LM001.
8.4.2.1.5. Parasitology
No parasites were found in sample LM001.
8.4.2.1.6. Determination of the Origin of Sample LM001




Tables presented in this section show the highest probability of the origin of the 
sample based on the characteristics of the content and its interpretation using specialized 
literature (Bryant 1974; Callen 1967; Heizer 1967; Weir and Bonavia 1985; Reinhard 
1988; Sobolik 1988; Edwards 1990; Reinhard et al. 1991, 2002; Reinhard and Bryant 
1992; Suttond and Reinhard 1995; Dean 2002; Gon9 alves et al. 2002; Fugassa and 
Guichon 2005; Bryant and Dean 2006). Table 8.113 summarizes the most likely origin 
for the sample based on characteristics such as richness of living organisms, richness of 
content identified in human samples, susceptibility to chemical dissolution by 
rehydration, all of which identified this sample as human. Tables 8.108 to 8.112 present 
probablility criteria for orgin determination of sample LM001.
P P L  Code* L M  001
W eight >  5g. 1
L arger size 3-10cm 1
C ylindrical o r elongated shape 1
D ark coloured solution 1
H igh sucept. to disolution 1
Fecal smell 1
P resence o f  hum an com ponent 1
H um an parasites 0
Total o f  coincidences 7
H um an percentage 88%
Table 8.108. Probability of human origin of sample LM001.* Palynology and 
Paleobotany Laboratory code.
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P P L  Code L M  001
W eight >  5g. 1
C ylindrical o r elongated shape 1
L ight coloured solution 0
H igh sucept. to disolution 1
Fecal smell 1
M ain  com ponent: anim al 0
N o vegetal content 0
D ry external surface 0
H air 0
C arnivore parasites 0
Total o f  coincidences 4
Carnivore percentage 40%
Table 8.109. Probability of carnivore origin of sample LM001.
P P L  Code L M  001
K now n herbivore shape 0
L ight coloured solution 0
L ow  sucept. to  disolution 0
P lan t smell 0
M ain  com ponent: botanical 1
H erbivore parasites 0
Total o f  coincidences 1
H erbivore percentage 17%
Table 8.110. Probability of herbivore origin of sample LM001.
P P L  Code L M  001
L ow  sucept. to  disolution 0
R ichness o f  living organism s 1
M edium -high richness o f  hum an com pom ents 1
Presence o f  dom estic om nivore parasites (e.i. dogs) 0
Total o f  coincidences 2
D om estic om nivore percentage 50%
Table 8.111. Probability of domestic omnivore origin of sample LM001.
P P L  Code L M  001
L ow  sucept. to  disolution 0
R ichness o f  living organism s 1
L ow  richness o f  hum an 
com pom ents
0
Total o f  coincidences 1
W ild  om nivore percentage 33%
Table 8.112. Probability of wild omnivore origin of sample LM001.
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P P L  Code L M  001
H um an percentage 88%
D om estic om nivore percentage 50%
C arnivore percentage 40%
W ild  om nivore percentage 33%
H erbivore percentage 17%
M ost likely origin H um an
Table 8.113. Summary of probability of zoological origin of sample LM001. Highest 
probability is highlighted.
B. Algorithmic Analysis
This analysis consists of a series of ordered steps that make a hierarchical 
discrimination of the characteristics of the sample. This means that some characteristics 
of the sample have more value than others, making a ranking that helps to determine the 
zoologic origin of the sample combining the “weighted” characteristics such as 
morphometry, general richness, rehydration chaacteristics, and composition.
The algorithmic analysis concluded that sample LM001 was human.
The results of the analyses performed on sample LM001 give a results of human 
origin in two (2) of two (2) analyses.
8.4.2.2. Sample LM002
This sample presented characteristics that correspond to human feces. The 
presence of remains usually found in human remains (manioc starch, anchovy bones 
(MNI=4), abundant guayaba seeds, jicama pollen, and possible lucuma), along with 
morphometric, color, and rehydration characteristics, helped to identify the zoologic 
origin of sample LM002.
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Following sections present a summary of the results of the analysis performed to
sample LM002.
8.4.2.2. 1. Morphometric Characteristics
Some parts of the sample were slightly cylindrical and semi flat in shape. The 
color of the sample was very dark brown, even in the internal parts (Table 8.114; Figure 
8.34). Some macro remains, such as seeds and fish bones, were found during this 
analysis.
Figure 8.34. Sample LM002 with Pantone and graphic scales showing the condition of 


















































Table 8.114. Morphometric characteristics of sample LM002.
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8.4.2.2.2. Rehydration Characteristics
Sample LM002 was rehydrated in an aqueous solution of trisodium phosphate to
analyze some characteristics such as color, smell, dissociation, fat content, and other
remains (Table 8.115). During this analysis fat remains were identified on the surface of
the solution that might correspond to animal protein (Figure 8.35).
Figure 8.35. Rehydration of sample LM002. Note the very dark color of the sample.




foam on the 
surface
Remains on surface







on 40% of the surface
Table 8.115. Characteristics of rehydration of sample LM002.
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8.4.2.2.3. Compositional Characteristics
The remains identified in sample LM002 consisted of anchovy, manioc, possible 
lucuma, jicama, bean, and guayaba. This analysis found marine diatoms that could 
indicate consumption of other marine resources; however, these diatoms were not 
identified (Tables 8.116 and 8.117; Figure 8.36).
C ode T yp e o f  R em ain C lass/O rd er /F am ily D eterm in ation
Charcoal Charcoal Charcoal
D iatom Undeterm ined Undeterm ined diatom
Spore Pteridophyta U ndeterm ied Tricolpada
Exocarp U nknow n Undeterm ined fruit
Starch Euphorbiaceae M anihot esculenta
Asteraceae Undeterm ined Asteraceae
Phytolith Fabaceae Phaseolus vulgaris
Poaceae Subfam. Festucoideae
Organ Undeterm ined Undeterm ined fish






P ollen O xalidaceae O xalidaceae
Poaceae Poaceae
Potam ogetonaceae Potam ogetonaceae
Pteridophyta - Equisetaceae Equisetum
Sapotaceae Pouteria
Seed M yrtaceae Psidium  guajaba
Table 8.116. Content of sample LM002.
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LM -002 yes yes yes yes yes yes
Table 8.117. Richness of content of sample LM002.
8.4.2.2.4. Parasitology
No parasites were found in sample LM002.
8.4.2.2.5. Determination of the Origin of Sample LM002




Tables in this section show the highest probability of the origin of the sample 
based on the characteristics of the contents and its interpretation using specialized 
literature (Bryant 1974; Callen 1967; Heizer 1967; Weir and Bonavia 1985; Reinhard 
1988; Sobolik 1988; Edwards 1990; Reinhard et al. 1991, 2002; Reinhard and Bryant 
1992; Suttond and Reinhard 1995; Dean 2002; Gon9 alves et al. 2002; Fugassa and 
Guichon 2005; Bryant and Dean 2006). Table 8.123 summarizes the most likely origin 
for the sample based on characteristics such as richness of living organisms, richness of 
content identified in human samples, susceptibility to chemical dissolution by 
rehydration, all of which identified this sample as human. Tables 8.118 to 8.22 present 
the probability analyses for sample origin.
P P L  Code* L M  002
W eight >  5g. 1
L arger size 3-10cm 1
C ylindrical o r elongated shape 1
C olor solucion oscura 1
H igh sucept. to dissolution 1
Fecal smell 1
P resence o f  hum an com ponent 1
H um an parasites 0
Total o f  coincidences 7
H um an percentage 88%
Table 8.118. Probability of human origin of sample LM002. *Palynology and 
Paleobotany Laboratory.
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P P L  Code L M  002
W eight >  5g. 1
C ylindrical o r elongated shape 1
L ight coloured solution 0
H igh sucept. to dissolution 1
Fecal smell 1
M ain  com ponent: anim al 1
N o vegetal content 0
D ry external surface 0
H air 0
C arnivore parasites 0
Total o f  coincidences 5
Carnivore percentage 50%
Table 8.119. Probability of carnivore origin of sample LM002.
P P L  Code L M  002
K now n herbivore shape 0
L ight coloured solution 0
L ow  sucept. to  dissolution 0
P lan t smell 0
M ain  com ponent: botanical 0
H erbivore parasites 0
Total o f  coincidences 0
H erbivore percentage 0%
Table 8.120. Probability of herbivore origin of sample LM002.
P P L  Code L M  002
L ow  sucept. to  dissolution 0
R ichness o f  living organism s 1
M edium -high richness o f  hum an com pom ents 1
Presence o f  dom estic om nivore parasites (e.i. dogs) 0
Total o f  coincidences 2
D om estic om nivore percentage 50%
Table 8.121. Probability of domestic omnivore origin of sample LM002.
P P L  Code L M  002
L ow  sucept. to  dissolution 0
R ichness o f  living organism s 1
L ow  richness o f  hum an com pom ents 0
Total o f  coincidences 1
W ild  om nivore percentage 33%
Table 8.122. Probability of wild omnivore origin of sample LM002.
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P P L  Code L M  002
H um an percentage 88%
C arnivore percentage 50%
D om estic om nivore percentage 50%
W ild  om nivore percentage 33%
H erbivore percentage 0%
M ost likely origin H um an
Table 8.123. Summary of probability of zoologic origin of the sample. Highest 
probability is highlighted.
B. Algorithmic Analysis
The algorithmic analysis concluded that sample LM002 was human.
8.4.3. Final Conclusion of Coprolite Analysis
The analyses performed on samples LM001 and LM002 conclude that both 
specimens correspond to human feeces.
8.4.4. Comments
The comprehensive analyses (macrobotanical, pollen, starch, phytoliths, and 
parasites) of the human coprolites of Los Morteros provide valuable data to study the diet 
of the inhabitants of Los Morteros. Both samples had similar contents composed of 
anchovies, beans, manioc, guayaba, pacae, lucuma, marine diatoms, seeds, and pollen of 
riverine and wetland vegetation (carrizo, zapote, cactus, Prosopis, etc.), likely from 
environments that existed in the nearby area.
The results of this analysis confirm and complement the rest of the analyses 
presented in this chapter. The identified species found in the coprolites correspond to
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some species identified in the fish, macrobotanical, and microbotanical analyses, these 
results indicate that organic remains found in the domestic midden deposits associated 
with the Third Phase of occupation of the site (Area 1, Area 2, and Trench 1), were 
resources consumed by the inhabitants of Los Morteros.
Coprolites from Los Morteros constitute one of the few cases of human coprolites 
from the Late Preceramic Period that have been analyzed. Along with coprolite studies 
from Huaca Prieta, Gavilanes, El Paraiso, Paloma, and Asia 1 (Callen and Cameron 1955, 
1960; Patruco et al. 1983; Bird at al. 1985a; Weir and Bonavia 1985; Jones 1988; Ortega 
and Bonavia 2003), coprolites from Los Morteros provide valuable information about the 
Early Late Preceramic diet in the lower Chao Valley as well as contribute to 
understanding the local environments and the use of local resources.
8.5. Chapter Conclusions
The organic sample of Los Morteros (mammals, fish, chondrichthyes, birds, 
invertebrates, plants, and coprolites) provides a great amount of very valuable data 
regarding diet, environment, human behavior, and presence of early domesticates. This 
information, however, is almost exclusively associated with the Third Phase of 
occupation of the site, since the majority of the remains were part of these deposits. For 
this reason, at the moment I cannot offer a comparison of the organic assemblage of the 
Third Phase of occupation of Morteros with assemblages from other phases. The organic 
content of the stone hearth recorded in a test pit in Sector 4 of Trench 2 can offer some 
material but this is a very small sample. The possible hearth remains recorded in level 6
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of this sample sector of Trench 2 may be a different phase of occupation of the site and 
therefore useful for comparison, however at the moment is not possible to securely relate 
these deposits with an existing or a new phase. What it is interesting about these contexts 
of Trench 2 is the high presence of Argopecten shells, which are not common in other 
units with deposits associated with the Third Phase. However, the fish remains associated 
with level 6 in Trench 2 contained similar species to those found in the midden of Area 2 
(Third Phase). On the other hand, two calibrated radiocarbon dates obtained from the 
deposits where the majority of these organics were collected, that belong to the Third 
Phase of occupation of the site (mostly Area 2 and Area 1), place the use of all these 
resources and remains, especially cotton, between 5570-5041 cal. yrs. BP and 5469-5050 
cal. yrs BP, that is, among the earliest organic assemblages of the coastal Early Late 
Preceramic Period.
Six marine mammal species, 24 fish species, six shark species, 17 taxa and nine 
bird species, 35 marine invertebrate species, eight edible plant species, one industrial 
plant species (others identified to the family level), and several local vegetation remains, 
compose the organic assemblage of Los Morteros. Fishing could have been done using 
nets and lines from the shore or from the rocky areas. Although this study did not find 
artifacts during the excavations, we recorded one fishhook and round stones with 
incisions on the edges that seem to be fishing sinkers (Figure 8.37).
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Figure 8.37. Fishing gear recorded on the surface of Los Morteros; left: fishhook made of 
bone with a borehole in one end; right: possible stone sinkers for fishing nets.
The diet of the inhabitants of Los Morteros was based on marine products, with 
fishes (including sharks and rays), marine shells, and marine mammals as the most 
important resources, in that order. The animal protein consumed by the Mortereans was 
marine but the diet was complemented by fruits (lucuma, guayaba, pacae), legumes 
(beans), tubers (potato, manioc), cereals (maize), cacti, sedges, among others. The 
absence of terrestrial animals, except for a possible fox bone, stresses the importance of 
marine environments for the local population. The preservation characteristics of this site 
make it hard to assess the original amount of botanical resources; however, the frequency 
and variety indicate a good availability of these resources.
The total composition of the organic assemblage indicates the exploitation of
different habitats and environments such as rocky and sandy beaches, riverine areas, and
coastal wetlands. The presence of these these environments together in the proximity of
Pampa de las Salinas, and the particular characteristics of each of them in terms of
resources, was a key factor for the settlement and development of the Preceramic
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communities in this part of the Chao Valley. The totality of identified resources that have 
been discussed in this chapter describe the local Preceramic environment as a very rich 
location, with plenty of food and indrustrial resources, and with nearby fertile areas to 
practice low-scale riverine horticulture (cotton?).
It is likely that these food resources and industrial specimens were gathered 
locally or in areas close to Pampa de las Salinas. The modern local landscape includes a 
sandy beach but rocky habitats are just at the south end of the beach (part of the Cerros 
Salinas). People from Los Morteros could have hunted sea lions in the Guanape Islands 
and beach but it possible that the local beach was a breeding and haul-out area for sea 
lions during the Late Preceramic Period; that would explain why we found different kinds 
skeletal elements in Los Morteros and not only high utility parts. All marine species are 
regular inhabitants of the current Peruvian sea.
On the other hand, wetland and riverine vegetation present at Los Morteros could 
be species that grew locally at the bottom of the Chao River floodplain, which is ~7 km 
from Los Morteros. However, currently the vegetation growing on both sides of the river 
mouth is being altered by the use of those floodplain areas for small-scale agriculture. 
Wetland areas still exist in the lower valley, as noted in Chapter 5, even in the paleo- 
embayment of Pampa de las Salinas there is a small remnant of a probably larger 
wetland. As can be seen in Chapter 5, these current wetland and vegetated areas in the 
lower valley are those that have “escaped” the dune “invasion”. In other words, all 
organic remains could have been gathered and “tended” in local enviroments that seem to 
have characterized the area at different stages of the Late Preceramic Period.
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CHAPTER 9
GEOARCHAEOLOGICAL CHRONOLOGY OF THE PAMPA DE LAS
SALINAS
9.1. Introduction
In this chapter I review the chronological information previously obtained from 
archaeological sites as well as geological contexts of Pampa de las Salinas (the pampa 
area and the paleo-embayment) and add the new data obtained during this study. The 
objective of this effort is to assess the chronology of the human occupation of Pampa de 
las Salinas using updated information from new excavations and new radiocarbon dates. 
All the dates taken from the archaeological and geological literature have been calibrated.
9.2. Chronology of Pampa de las Salinas
Thirty-four radiocarbon dates are now available for the archaeological contexts of 
Pampa de las Salinas; these dates come from seven archaeological sites (Los Morteros, 
Piedras Negras A, Piedras Negras B, El Muerto, Los Pescadores, Conchal Viejo, and 
Salinas de Chao) (Cardenas 1978-79, 1978b, 1999; Sandweiss et al. 1983; Alva 1986; 
Perrier et al. 1994; Mauricio this document). Nineteen additional radiocarbon dates come 
from the paleo-embayment area (Perrier et al. 1994; Olson 2012).
For the purpose of this chapter I present this information separately by 
archaeological and geological contexts and then I combine the data to create a
406
chronology of the prehistory of the whole Pampa de las Salinas. All dates are presented 
as 2o calibrated dates using the radiocarbon calibration program CALIB 7.0.4 
(http://calib.qub.ac.uk/calib/). I did not include the date obtained by Perrier et al (1994) at 
an archaeological site named 18 with code UQ-1798 because its relationship to a specific 
site was unclear. Dates based on marine shells were calibrated using Marine13 
calibration.
9.2.1. The Archaeological Chronology
The 2o calibration of the 34 available radiocarbon dates for seven archaeological 
sites at Pampa de las Salinas extends from 6500 cal. yrs. BP to 3000 cal. yrs. BP (Figures 
9.1 and 9.2), ranging from the Middle Preceramic Period to the Initial Period. These dates 
are based on a variety of organic materials such as marine shells, charcoal, fibers, seeds, 
and human bones, collected from the surface, as well as from excavated deposits at these 
archaeological sites (Table 9.1). The oldest of these dates comes from the site Piedras 
Negras A, which is a site located ~200 meters north of Los Morteros. Cardenas describes 
this site as a small “aided" (small village) with stone architecture of about 200 m by 150 
m. The date obtained at this site is described as collected from the deepest deposits that 
according to Cardenas (1999) would come from ~1.4 m depth, although the material used 
for this date was not listed. The 2o calibrated date of this site is 7165-6678 cal. yrs. BP 
(4150±90 BC) (Figures 9.1 and 9.2). Another site with Middle Preceramic dates is El 
Muerto, whose dates come from a human burial and domestic refuse (Cardenas 1978-79, 
1999). The 2o calibrated dates of El Muerto are 6529-6183 cal. yrs. BP (3640±80 BC),
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from a charcoal sample, and 6270-5602 cal. yrs. BP (3240±150 BC), from human bone. 
Conchal Viejo also had Middle Preceramic dates obtained by Cardenas (1999), based on 
marine shells. In this chapter I assume a non-marine origin for samples with unknown 
materials. The calibration of these dates yielded 6281-5732 cal. yrs. BP (3320±120 BC) 
and 5918-5613 cal. yrs. BP (3130±70 BC). My research obtained a new date for Conchal 
Viejo, based on charcoal recovered from level 4 in unit 2. The 2o calibration of this date 
(2302-1933 cal. yrs. BP; 2143±46 RC yrs. BP) is significantly younger than Cardenas’ 
dates and falls in the Early Horizon. In fact, this date is one of the youngest date so far 
obtained for archaeological sites at Pampa de las Salinas, and therefore should be taken 
with caution (Figures 9.1 and 9.2). Moreover, this late date does not correspond with the 
recorded southward displacement of warm-temperature-sensitive species (Choromytilus 
chorus and Mesodesma donacium), reported for the north coast of Peru by 2800 BP 
(Sandweiss et al. 2001); these species were present at Conchal Viejo but probably go 
with the earlier dates. The big difference between these two groups of dates from 
Conchal Viejo makes it difficult to assign a period of occupation to this site. The later 
date from the material I recovered could correspond to a much later use of the site, which 
is supported by surface finds of ceramic sherds at the site and on the slopes facing the 
ocean. For now I do not discard any of these dates, but more are needed in order to fill 
this chronological gap.
Three archaeological sites yielded dates corresponding to the Late Preceramic 
Period: Los Morteros, Piedras Negras B, and Salinas de Chao (Figures 9.1 and 9.2). The 
oldest date for the Late Preceramic Period at Pampa de las Salinas is a new date obtained 
by my project from Los Morteros, from charcoal recovered from a trench 2.7 m below
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the surface in the interior of the mound. The 2o calibrated date is 5726-5477 cal. yrs. BP 
(Table 9.1). Three radiocarbon dates obtained by Sandweiss et al. (1983) from surface 
deposits of marine shells (4286-3846 cal. yrs. BP, 4784-4346 cal. yrs. BP, 4806-4152 cal. 
yrs. BP). These dates are younger than the majority of other dates from the site that were 
recovered through archaeological excavations and have been assigned to late occupations 
of the site (Figures 9.1 and 9.2, Table 9.1). Four dates were obtained by Perrier et al. 
(1994) from surface materials at Los Morteros, two of them yielded much older dates 
than the one recovered by my project from a ~2.7 m deposit in Trench 2. Of the other two 
dates, one falls into the range obtained by Sandweiss et al. (1983) and the other one 
appears too young for the site, so I consider it modern. In this context, it is very telling 
that all dates obtained from archaeological excavations, which are based on botanical 
materials, express a very coherent range of time, falling mostly between 6000 cal. yrs. BP 
and 3000 cal. yrs. BP (Figure 9.2). Due to the disparity among Perrier’s dates, I do not 
use them in this chronological assessment of Los Morteros. This does not mean that there 
are not occupations with dates similar to those recorded by Perrier et al. at Los Morteros 
but the stratigraphic position of these dates do not allow a safe assessment of the 
chronology of the site. Dates obtained by Sandweiss et al. (1983) could correspond to 
sporadic uses of the site after abandonment of the third occupation. Therefore, I propose 
that until new late primary contexts are excavated at Los Morteros, it is better to use with 
caution these dates obtained from surface materials.
Piedras Negras B (located north of Los Morteros, see Chapter 5) is another site 
with Late Preceramic dates. There are five dates obtained by Cardenas (1999) from a 
human burial and from two other excavation units. The dates are based on organic
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materials such as junco and totora from Tomb 2 (Tumba 2) and shells from Units A and 
B (Pozo A and Pozo B) (Cardenas 1999: 158). The oldest and youngest 2o calibrated 
dates for Piedras Negras B come from Tomb 2 and are 5434-4841 cal. yrs. BP (totora 
fragment) and 4423-3934 cal. yrs. BP (fiber). Dates based on marine shells for this site 
are within this range (Table 5.1). In contrast, the 2o calibration of dates from Salinas de 
Chao placed this site between 3900-3000 cal. yrs. BP. That is, from the end of the Late 
Preceramic Period through the Terminal Preceramic (Quilter 1991a) and the Initial 
Period.
The last site with radiocarbon dates at Pampa de las Salinas is Los Pescadores.
One radiocarbon date previously obtained from a marine shell on the surface of the site 
(Sandweiss et al. 1983) yielded a 2o calibrated date of 3045-2425 cal. yrs. BP. Sandweiss 
et al. (1983) recognized that this date was much later than they expected, possibly 
because the shell they used was a re-deposited material not corresponding with the use of 
the site. Our new excavation at Los Pescadores recovered burnt seeds that returned a 2o 
calibrated date of 4222-3895 cal. yrs. BP, ~1000 yrs. earlier than the Sandweiss (1983) 
date. Considering Sandweiss’s (1983) recognition of the possibility of redeposition and 
the range of dates from the other sites in the area, I prefer to use the new date for Los 
Pescadores (Figures 9.1 and 9.2).
The radiocarbon dates so far obtained for these seven Pampa de las Salinas 
archaeological sites of strongly indicate a constant occupation of the area from at least 
6000 to 3000 cal. yrs. BP, which corresponds almost exclusively to the Preceramic Period 
(Middle and Late). The oldest dates correspond to the Middle Preceramic occupation at
Piedras Negras A and El Muerto and the youngest are from Salinas de Chao.
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These data place Pampa de las Salinas and the lower Chao Valley among Central 
Andian regions with long Preceramic occupations. Therefore, this location is a very 
suitable area to study the important social achievements of this period. Interestingly, the 
data indicate that after the Early Initial Period the area did not have significant re­
occupation. The scattered ceramics at some of the sites probably correspond to sporadic 
exploitation of the local salt flat or local beach, or that the area served as a transportation 
route into and out of the lower valley using local trails. This abandonment of Pampa de 
las Salinas seems to have been related to environmental factors that caused a progressive 
desiccation of the area (see below).
9.2.1.1. Los Morteros Site Chronology
The available dates for the Los Morteros site help to support the three phases of 
occupation described in Chapter 7. The first phase of identified occupation corresponds 
to the oldest and deepest primary context recorded in the site. Excavations at this location 
(Trench 2) revealed a stone hearth containing charcoal, ash, small fish bones, and marine 
shells (Argopecten and Fissurella shells). Hearth charcoal yielded a calibrated date of 
5726-5477 cal. yrs. BP. Above this hearth (~1.5 m), in layer 6 of Sector 4, I recorded a 
primary deposit of ash and Argopecten shells that can be interpreted as a hearth. Since no 
dates were recorded for this hearth, and no associated contexts were found, I cannot yet 
offer a safe association for this context within the mound chronology. However, it worth 
mentioning its presence as a primary context that needs to be clarified.
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The second phase corresponds to an adobe room recorded in Area 2. There were 
no materials directly associated with this architecture. A twig found in a crack on the clay 
floor of this room, but assumed to be part of a secondary domestic midden that collapsed 
inside, yielded a calibrated date of 5469-5050 cal. yrs. BP. The third phase of occupation 
corresponds to stone architecture recorded in Area 1 on top of the mound with similar 
remains recorded on top of the adobe room and on the northeast side of the mound. A 
calibrated date based on burnt cotton seeds yielded a date of 5570-5041 cal. yrs. BP.
Based on these dates and the stratigraphic location of the context described (see 
also Chapter 7) I proposed three phases of occupation discovered during excavation. The 
first and oldest is the stone hearth found in a test pit inside Trench 2. Because the adobe 
room was built ~1.5 m above the depth of the stone hearth and it was found immediately 
below a stone-and-clay wall with a round corner, almost identical to the stone 
architecture recorded on top of the mound, I propose the adobe room to represent the 
Second Phase of occupation of the site. The date obtained from the secondary domestic 
midden covering this room is slightly younger, practically contemporary with the date 
obtained from the stone architecture on top (see also the similarities of the organic 
remains from both sectors in Chapter 8). It could be possible that the adobe room is older 
or contemporary with the deep stone hearth or the domestic midden. However, the 
stratigraphy, depths, associated materials, and radiocarbon dates indicate that at present it 
is safe to hypothesize that the adobe room is younger than the deep stone hearth. Based 
on the radiocarbon dates and similarity of materials, the domestic midden seems to be 
contemporary (or possibly slightly later) with the stone architecture recorded on top of
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the mound and on over the adobe room. It is also possible that this midden could have 
started to be deposited prior to the deposition of the radiocarbon dated material.
Finally, other contexts frequently found in Los Morteros are Preceramic human 
burials. This project identified several tombs but did not excavate any. Cardenas (1995, 
1999) excavated seven Preceramic bundles with similar characteristics as those 
uncovered in this work. Some of these tombs seem to be located within the first meter 
from the surface. Others were placed in deeper deposits, such as a burial recorded during 
the excavation of Area 4 at about 2 m from the surface (see Chapter 6). The looting of the 
architecture of Area 1 (described in Chapter 6) exposed human bones from a burial 
originally placed underneath the stone platform. These data suggest that some tombs 
could have been buried before the stone architecture of the top was built (Third Phase) 
but others could have been contemporary or even later. Excavating and dating these 
tombs is necessary in order to establish their chronological position within the site 
formation. The organic wrappings of these burials (reed and/or cotton mats) are an 
excellent material for this purpose.
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Figure 9.1. Bar plot of 2o calibrated radiocarbon dates from archaeological sites of Pampa de las Salinas (CALIB 7.0.4 
http://calib.qub.ac.uk/calib/).
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Figure 9.2. Probability plot of 2o calibrated dates obtained from archaeological sites of Pampa de las Salinas (CALIB 7.0.4 
http://calib.qub.ac.uk/calib/ ). Orange lines mark the series of dates available for every site and the range of time cover by the majority 
of the dates. Blue lines help to show the overlapping of dates.











Piedras N egras A PU CP-36 C ardenas 1999 N S* 6100±90 7165-6678 NS
El M uerto PU CP-19 C ardenas 1999 C harcoal 5590±80 6529-6183 0.9
El M uerto PU CP-38 C ardenas 1999 H um an bone 5190±150 6270-5602 0.85
Los M orteros A A 104440 M auricio 2015 C harcoal 4916±48 5726-5477 2.7
Los M orteros A A 104439 M auricio 2015 Cane 4641±53 5469-5050 1.2
Los M orteros A A 104438 M auricio 2015 B urn t seed 4629±63 5570-5041 0.2
Los M orteros PU CP-26 C ardenas 1999 C harcoal 4656±60 5576-5052 1.2
Los M orteros PU C P-27 C ardenas 1999 C harcoal 4560±60 5442-4894 0.4
Los M orteros SI-49598 Sandw eiss et al. 1983 M arine shell 4380±75 4784-4346 Surface
Los M orteros SI-4959A Sandw eiss et al. 1983 M arine shell 4040±75 4286-3846 Surface
Los M orteros N S Sandw eiss et al. 1983 C harcoal 4010±85 4806-4152 NS
Los M orteros U Q -1796 P errier et al. 1994 M arine shell 5350±150 6093-5401 Surface
Los M orteros U Q -1782 P errier et al. 1994 M arine shell 5150±180 5899-5034 0-0.07
Los M orteros U Q -1848 P errier et al. 1994 C harcoal 4750±150 5835-4962 0-0.07
Los M orteros UQ-1781 P errier et al. 1994 M arine shell 1100±140 932-454 Surface
P iedras N egras B PU CP-35 C ardenas 1999 Totora 4490±100 5434-4841 0.75
Piedras N egras B PU CP-03 C ardenas 1999 Junco 4190±100 4951-4413 0.6
P iedras N egras B PU CP-05 C ardenas 1999 M arine shell 3970±160 4405-3564 0.58
Piedras N egras B PUCP-01 C ardenas 1999 F iber 3850±80 4423-3934 0.46
Piedras N egras B PU CP-04 C ardenas 1999 M arine shell 3850±180 4302-3369 0.26
Los Pescadores A A 104442 M auricio 2015 B urn t seed 3744±44 4222-3895 0.15
Los Pescadores SI-4958 Sandw eiss et al. 1983 M arine shell 2980±115 3045-2425 Surface
Salinas de Chao V RI-812 A lva 1986 C harcoal
U nburnt
3600±90 4139-3611 B otton  o f  
struct. 
P latform
Salinas de Chao VRI-813 A lva 1986 w ood 3200±90 3590-3081 fill
Salinas de Chao PU CP-22 C ardenas 1999 C harcoal 3570±60 3975-3641 NS
Salinas de Chao PU CP-20 C ardenas 1999 C harcoal 3550±60 3967-3615 NS
Salinas de Chao PU CP-08 C ardenas 1999 C harcoal 3490±80 3910-3481 B otton  o f  
struct.
Salinas de Chao PUCP-21 C ardenas 1999 M arine shell 3460±70 3511-3155 B otton  o f  
struct.
Salinas de Chao PU C P-07 C ardenas 1999 C harcoal
C otton
3310±60 3637-3370 F loor
Salinas de Chao PU CP-02 C ardenas 1999 textile 3300±150 3868-3077 NS
Salinas de Chao U Q -1797 P errier et al. 1994 M arine shell 1450±140 1272-721** 0-0.06
C onchal V iejo PU CP-28 C ardenas 1999 M arine shell 5270±120 5899-5334 NS
C onchal V iejo PUCP-31 C ardenas 1999 M arine shell 5080±70 5576-5292 NS
C onchal Viejo A A104441 M auricio 2015 C harcoal 2143±46 2302-1933 0.2
Table 9.1. Available radiocarbon dates from archaeological sites of Pampa de las Salinas. 
NS=Not specified. *Since materials were not specified, a terrestrial origin was assumed. 
**Considered modern, dates were not used for this chronological analysis.
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9.2.2. The Geological Chronology
Nineteen radiocarbon dates are available for the peleo-embayment of Pampa de 
las Salinas. These are dates based on shells, wood, and charcoal (Perrier et al. 1994;
Olson 2012; Table 9.2). The sixteen dates obtained by Perrier et al. (1994) come from an 
E-W transect across the embayment. Ten out of these sixteen dates are based on materials 
collected from surface deposits and one sample has an unknown context (Perrier et al. 
1994, Table 2). Only one of all these sixteen dates is based on charcoal, the rest are based 
on marine shells (Table 9.2). Three more radiocarbon dates where obtained by Olson 
(2012) based on a marine shell, charcoal, and wood that she recovered through 
excavations in the paleo-embayment (Table 9.2).One of Olson’s dates based on wood 
yielded a very early date and it was considered to be modern by the author.
Perrier and Olson assumed a progressive infilling of the embayment and used the 
radiocarbon dates to propose a time frame for this process. Perrier et al. (1994) propose 
that infilling of the paleo-embayment of Pampa de las Salinas occurred later than the 
infilling of the Santa embayment (~6000 BP to 4500 BP), starting around 5000 BP and 
ending around 3000 BP (Perrier et al. 1994: 29). These dates are assigned based on the 
oldest and youngest dates of the materials recovered from the paleo-embayment (mostly 
surficial) and from surficial archaeological deposits. In Perrier et al.’s model the infilling 
of the embayment occurred as a hook-shaped coastline progradation with the embayment 
experiencing open-ocean conditions (Perrier et al. 1994: Figure 4).
On the other hand, Olson (2012) proposes a slightly different scenario for the 
progradation process. In her model, the infilling of the embayment occurred forming a
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coastal barrier that partially isolated part of the embayment creating brackish lagoon or 
estuarine conditions where warm-loving and muddy species such as Cantharus elegans, 
Cerithides mazatlanica, and Thais delessertiana, found in the site El Muerto developed 
(Cardenas and Vivar 2002). Although the dates obtained by Cardenas from this site are 
much earlier (Cardenas 1978-79, 1999), Olson proposes that the coastline progradation 
could have started at around 4100 cal. yrs. BP, based on a charcoal piece recovered in her 
Trench 45 (Olson 2012: 133).
The current state of the radiocarbon assemblage collected from geological 
contexts of the paleo-embayment creates difficulties in attempting to establish a 
chronology for the coastline progradation of this embayment. The majority of this 
assemblage comes from surficial —and possibly re-worked—deposits and very few dates 
were obtained from excavated materials. However, the archaeological data can provide 
valuable information for understanding this process and to propose a working hypothesis 
for future analyses (see below).
418
419
Figure 9.3. Distribution plot of 2o calibrated dates obtained by Perrier et al. (1994) and Olson (2012) for the paleo-embayment of 
Pampa de las Salinas. Dates from Olson (2012) were added manually (in red) to the calibration plot obtained for Perrier et al. (1994) 
dates using CALIB 7.0.4 (http://calib.qub.ac.uk/calib/ ) because dates as radiocarbon years were not available in Olson (2012).
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Figure 9.4. Distribution plot of the 2o calibrated dates from non-surficial geological contexts of the paleo-embayment of Pampa de las 
Salinas. Dates by Olson (2012) were added manually (in red) to the calibration plot obtained for Perrier et al. (1994) dates using 
CALIB 7.0.4 (http://calib.qub.ac.uk/calib/ ).
R A D IO C A R B O N  D A T E S F R O M  THE P A L E O -E M B A Y M E N T
Site Lab. Code Source M aterial RC yrs. BP 2 a  Cal. yrs. B P D epth (m)
20 U Q -1762 Perrier e t al. 1994 M arine shell 4200±150 4709-3868 Surface
20 U Q-1763 Perrier e t al. 1994 M arine shell 4100±170 4609-3680 0.3-0.45
20 U Q -1806 Perrier e t al. 1994 M arine shell 3650±180 4054-3122 1.2-1.3
20 UQ-1861 Perrier e t al. 1994 M arine shell 3650±300 4356-2831 1.4-1.6
21 U Q -1758 Perrier e t al. 1994 M arine shell 4050±170 4528-3618 Surface
22 U Q -1759 Perrier e t al. 1994 M arine shell 4050±170 4528-3618 Surface
23 U Q -1760 Perrier e t al. 1994 M arine shell 3400±170 3665-2829 Surface
24 UQ-1761 Perrier e t al. 1994 M arine shell 3250±160 3446-2722 U nknow n
25 U Q -1784 Perrier e t al. 1994 M arine shell 3000±160 3159-2347 0-0.1
25 U Q -1849 Perrier e t al. 1994 C harcoal 3200±150 3807-2952 0-0.1
26 U Q -1780 Perrier e t al. 1994 M arine shell 5250±160 5974-5266 Surface
26 U Q -1824 Perrier e t al. 1994 M arine shell 550±150 434-1* Surface
27 U Q -1779 Perrier e t al. 1994 M arine shell 1300±160 1173-561 Surface
28 U Q -1822 Perrier e t al. 1994 M arine shell Invalid  age Surface
29 U Q-1785 Perrier e t al. 1994 M arine shell 1450±190 1361-644 Surface
29 U Q -1826 Perrier e t al. 1994 M arine shell Invalid  age Surface
Trench 42 B eta 311150 O lson 2012 M arine shell N P* 3780-3554 0.55-0.60
Trench 45 B eta 311149 O lson 2012 C harcoal N P* 4104-3974 0.65
Trench 43 B eta 11148 O lson 2012 W ood 113 m odern 0.50-0.62
Table 9.2. Radiocarbon dates obtained from the paleo-embayment of Pampa de las 
Salinas. This table uses Perrier et al. (1994) corrected dates for the 2o calibration. *Olson 
(2012) provides only calibrated dates not radiocarbon dates.
9.3. Chapter Discussion and Conclusions
The radiocarbon assemblages from both archaeological and geological contexts at 
Pampa de las Salinas provide a very valuable resource to understand the human 
occupation and the physical transformation of this area. Considering only the overlapping 
dates, the currently available archaeological dates demonstrate a long and continued 
human occupation of the area since at least 6000 cal. yrs. BP. to around 3000 cal. yrs. BP, 
encompassing the last part of the Middle Preceramic and the enterity of the Late 
Preceramic Period. There is some chronological overlap with the Initial Period, but these 
contexts are largely without pottery. Considering the entire set of archaeological
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radiocarbon dates, the time frame of the human occupation of Pampa the Las Salinas 
would be between 7000 cal. yrs. BP and 3100 cal. yrs. BP. The extremes of this 
chronology are represented by the sites Piedras Negras A and El Muerto, as the oldest; 
and Salinas de Chao, as the youngest. No significant re-occupation of the area is recorded 
after the ~3000 cal. yrs. BP. Based on the radiocarbon dates, the older sites such as 
Piedras Negras A, El Muerto, Los Morteros, Piedras Negras B, and Conchal Viejo are 
located along the paleo-shoreline. Younger sites such as Salinas de Chao and Los 
Pescadores occupy the southern part of the paleoshoreline and the lower part of the 
western slopes of Cerros Coscomba, respectively. Other sites with stone architecture 
located south of Salinas de Chao may be contemporary with that site, however they have 
not yet been explored. The new archaeological shell middens recorded during the 2012 
field season (see Chapter 5) would also correspond to the second half of the Preceramic 
occupation of Pampa de las Salinas. In this context, Site 25 dated by Perrier et al. (1994) 
with a mean of around 3300 cal. yrs. BP, seems to correspond to a small archaeological 
midden with domestic refuse, located on the paleo-enbayment seaward of Conchal Viejo. 
Site 25 could represent a contemporary site to these new archaeological shell middens 
recorded on the other (northwest) end of the dry embayment. On the other hand, some 
Initial Period —and possibly later— ceramic sherds can be found as scattered surface 
remains in Salinas de Chao, Duna Larga, and Conchal Viejo. However, this seems to 
reflect sporadic and temporary reuses in later times that do not represent any significant 
occupation of Pampa de las Salinas. At around 3000 cal. yrs. BP, the whole area of 
Pampa de las Salinas appears to be have been abandoned.
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The geological dates of Pampa de las Salinas correspond to paleo-embayment 
contexts that were obtained with the purpose of dating the progressive infilling of the 
area. This record offers so far two different time frames for this process. Perrier et al. 
(1994) propose a range between 5000 cal. yrs. BP to 3000 cal. yrs. BP for the timing of 
the progradation. Olson (2012) proposes a starting point at around 4100 cal. yrs. BP with 
an end around 2700 cal. yrs. BP. Dating the paleo-embayment has proved to be 
problematic for several reasons. First of all, organic materials suitable for radiocarbon 
dating from stratigraphic deposits in the paleo-embayment are scarce. Second, areas close 
to the paleo-shoreline exhibit considerable re-working of surficial deposits by alluvial 
episodes that includes re-deposition of archaeological materials washed into the 
embayment from archaeological sites located on the escarpment. Third, additional re­
working and post-depositional events could have been caused by high tides. These factors 
explain why dates obtained by Perrier et al. (1994) and Olson (2012) from different 
stratigraphic levels but from approximately the same area (Site 20 and Trench 45, 
respectively, close to the paleo-shoreline), yielded dates in the same time range.
In this sense, uneroded archaeological sites recorded on the paleo-embayment 
such as the three new shell middens found in this study (MEMEJO 1, 2, and 3, see 
Chapter 5) and the midden dated by Perrier et al. (1994) could be used to propose a 
maximum date for the stabilization of the progradation process in the paleo-embayment. 
The 3300 cal. yrs. BP mean from Perrier’s Site 25 might be a contemporary date for the 
other embayment sites. Moreover, these new archaeological middens recorded in the 
northwest section of the embayment are mostly composed of Mesodesma shells (see 
above sections), which according to the archaeological data, was no longer present in
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areas north of 9°S after ~2800 BP, as consequence of more frequent El Nino events and 
their replacement by the more tolerant species Donax obesulus (Rollins et al. 1986; 
Sandweiss et al. 1996, 2001; Reitz and Sandweiss 2001). Therefore, the 3300-2800 BP 
range could be used as the latest date for these sites and as a time range for the last 
moments of the progradation process. This time coincides more or less with Perrier’s and 
Olson’s hypotheses, but radiocarbon dates from these uneroded sites are needed to 
confirm this speculation.
Dating the beginning of the progradation there seems to be an even more 
complicated task, not only for the scarcity of reliable dating material but also due to the 
lack a of more complete exposed stratigraphy of the paleo-embayment. Sediment 
analyses of complete sequences may allow us to better differentiate between marine and 
eolian sediments —and therefore environents (see Chapter 5). Olson uses the oldest 
dates obtained by Cardenas (1978-79, 1999) for the site Los Morteros —the oldest of the 
sites located along the paleo-shoreline— to propose a date for the paleo-shoreline since 
the current shape and size of this site overlaps the paleo-embayment scarp. However, our 
recent extensive excavations at this site have demonstrated that much of the sides of the 
mound correspond to eroded and collapsed materials and the original size and shape of 
the site at the different phases recorded and dated are still unknown (see Chapters 6 and 
7). Moreover, the ancient shoreline could have become inactive even much earlier than 
human occupation of the area. Until more excavations and more dates are obtained for 
Los Morteros, this relationship should be taken with caution.
Finally, it is very interesting to see how the available geoarchaeological
chronology of Pampa de las Salinas clearly shows that the human occupation was closely
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related to the landscape and environmental transformations of the area, reaching breaking 
points at about 4000 cal. yrs. BP, when an important change in the local settlement 
pattern occurred and at about 3000 cal. yrs. BP, with the abandonment of Pampa de las 
Salinas (see next chapter for further discussion).
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CHAPTER 10
LOS MORTEROS AND PAMPA DE LAS SALINAS IN THE PERUVIAN
PRECERAMIC PERIOD
10.1. Reconstructing the Preceramic Occupation of Pampa de las Salinas (A 
Preliminary Approximation)
The data presented and discussed in previous chapters advance the understanding 
of the Preceramic occupation of Los Morteros and Pampa de las Salinas during the Late 
and Terminal Preceramic Periods in this part of the Peruvian North Coast. Our 
archaeological excavations in Los Morteros, Conchal Viejo, and Los Pescadores, along 
with archaeological and geoarchaeological explorations of extensive areas of Pampa de 
las Salinas (the paleo-embayment and the pampa area) and new radiocarbon dates, have 
provided useful data for a preliminary reconstruction of the Preceramic Period at Pampa 
de las Salinas.
The available radiocarbon record from seven archaeological sites (Piedras Negras 
A, El Muerto, Conchal Viejo, Los Morteros, Piedras Negras B, Los Pescadores, and 
Salinas de Chao) indicates an initial occupation of Pampa de las Salinas at around 7000 
cal. yrs. BP (Middle Preceramic Period) at the site of Piedras Negras A (north of Los 
Morteros, see Chapter 5 and 9), which is composed of domestic, square stone structures 
associated with domestic refuse and human burials, located on top of the paleo-shoreline 
escarpment. So far, no other site in Pampa de las Salinas has a similar date, but our 
estimation of the rate of sand accumulation for Los Morteros (see Chapter 7 for details)
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suggests the beginning of this site’s formation at around 7000 cal. yrs. BP. In fact,
Piedras Negras A is located just north of Los Morteros and is separated from it by a 
quebrada that probably formed after 5800 cal. yr. BP. It is possible that Piedras Negras A 
and Los Morteros were originally one site, in which case the radiocarbon date for Piedras 
Negras A and the calculated date for early Los Morteros are perfectly coincident. Under 
this scenario, Piedras Negras A may show what early Los Morteros looked like before the 
sand began to accumulate. These hypotheses need to be tested in the field, but the Piedras 
Negras A date at the least shows that the estimated date for start of Los Morteros would 
perfectly fit the general chronology of the area. No direct local environmental data exist 
for this time (7000 cal. yrs. BP). However, this is the period prior to eustatic sea level 
stabilization, which would imply a slightly higher local sea level, closer to the paleo- 
shoreline, probably associated with higher levels of the local ground water table, as fresh 
water floats on top of salt water. As noted earlier (Chapter 5), the groundwater table is 
currently between 1.5 and 0.5 m below the modern surface of the dry embayment. Higher 
groundwater tables may have made water more accessible to occupants of the pampa.
According to existing data (see Chapter 2), prior to ~6000 cal. yrs. BP warmer 
ocean waters would have characterized that part of the Peruvian North Coast, which was 
in turn associated with warm-water marine species, different from those of the present 
day cool Peruvian Current (Sandweiss et al. 1996; Pozorski and Pozorski 2003;
Sandweiss 2003). However, there is no detailed information about the domestic refuse 
associated with the date obtained from the deepest deposits (without cotton) of Piedras 
Negras A. Cardenas (1999) reported the presence of cotton for the more surficial deposits
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at that site. This indicates a long occupation until at least 5570-5041 cal. yrs. BP (the 
available oldest date for cotton remains at Pampa de las Salinas).
Based on the radiocarbon dates presented in Chapter 9, there is evidence of a 
continued occupation of Pampa de las Salinas from around 6500 to 3000 cal. yrs. BP. 
However, in order to assess this occupation within the environmental and landscape 
context. I divide this chronology according to the kind of context and number of 
radiocarbon dates. The dates from 6500 to 6000 cal. yrs. BP come from the site of El 
Muerto, located approximately 300 m south of Los Morteros, on the paleo-shoreline 
escarpment (Cardenas 1999). This site corresponds to one human burial reported to be 
associated with domestic refuse in an area cut by an alluvial channel. The list of marine 
shells found in the deposits covering the human body included warm-water species, one 
of them also found in the neighboring Ostra sites (Cerithidea mazatlanica) (Rollins et al. 
1996; Reitz and Sandweiss 2001; Cardenas and Vivar 2002). It is likely that the 
molluscan assemblage from El Muerto reflects warmer sea temperatures around the dates 
obtained from this site. This period of time is also close to eustatic sea level stabilization 
at around 6000 BP (see Chapter 3).
From around 6000 cal. yrs. BP to 4000 cal. yrs. BP, a continued occupation of
Pampa de las Salinas is indicated by dates coming from Conchal Viejo, Los Morteros,
Piedras Negras B, and Piedras Negras A, this latter has no dates for this period but
Cardenas reported cotton remains from more surficial deposits. This period corresponds
to the onset of El Nino, the northward displacement of the cool Peruvian Current, and sea
level stabilization (Rollins et al. 1986; Sandweiss et al. 1996, 2001, 2007; see Chapter 2).
Conchal Viejo is a shell midden with calibrated dates obtained by Cardenas (1999)
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between 5899 cal. yrs. BP and 5292 cal. yrs. BP (see Chapter 9) that already exhibits cool 
water marine shell species, suggesting establishment of the site shortly after the onset of 
El Nino.
The site of Los Morteros has so far three phases of occupation dating from 5726­
5477 cal. yrs. BP (First Phase of occupation; date obtained from a stone hearth ~2.5 m 
below the current surface of the middle mound and ~10 m above the alluvial plain on the 
paleo-shoreline escarpment) to 5570-5041 cal. yrs. BP (Third Phase of occupation; date 
obtained from cotton seeds associated with the stone architecture). The dates from the site 
Piedras Negras B, a group of domestic, square stone structures at approximately 300 m 
north of Los Morteros, range from 5434 cal. yrs. BP to 3934 cal. yrs. BP. These dates fall 
within the Third Phase of occupation of Los Morteros and are in part similar to some 
dates obtained from surface remains in this site (see Chapter 9, Table 9.1).
As I proposed in Chapter 5, it is likely that a series of environmental and
landscape changes transpired during this period (6000 cal. yrs. BP and 4000 cal. yrs. BP).
Coastal progradation by high amounts of sediments supplied by eolian, marine, or fluvial
mechanisms (likely a combination of all of them), seems to have started around the
beginning of this period. It is likely that the formation of wetlands and mud-rich lagoons
in nearby areas would have accompanied this process. The local environmental
conditions during this time seem to have been ideal for the establishment of permanent
settlements and population growth, as seen in the number of sites that developed during
this period (Conchal Viejo, Los Morteros, Piedras Negras A, and Piedras Negras B). The
establishment of the Peruvian Current enriched the ocean and coastal environments that
were the main sources of protein for the inhabitants of Pampa de las Salinas. The local
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wetland and riverine areas complemented the marine resources with fruits, tubers, 
legumes, sedges, and cotton (either by gathering or cultivation). El Nino events would 
have contributed to enrich the alluvial floodplain and elevate the water table levels that 
the local populations could have exploited for fresh water. The reported presence of 
puquios (artificial sunken areas or wells that exploit the water table to create springs) in 
the lower Vim and Chao Valleys sin the 1940’s (Willey 1953; ONERN 1970) could help 
to explain what were the sources of fresh water for these populations. However, it is a 
matter for future research to identify the presence of local ancient wells or springs.
Towards 4000 cal. yrs. BP, there was a change in the local settlement pattern. 
From around 7000 cal. yrs. BP to around 4000 cal. yrs. BP, all archaeological sites were 
located along the paleo-shoreline, with Los Morteros in the center of this setting. The 
available radiocarbon dates from sites along the paleo-shoreline end around 4000 cal. yrs. 
BP. The site of Los Pescadores, located ~1.5 km southwest of Los Morteros, could have 
been in the transition of this period based on the date I obtained for this site (4222-3895 
cal. yrs. BP). After ~4000 cal. yrs. BP, the paleo-shoreline was abandoned in favor of the 
lower parts of the Cerros Coscomba. It is likely that this change in the settlement pattern 
was related to a progressive intensification of the strength of the coastal winds and an 
increase in eolian sand deposition that affected mostly the paleo-embayment and the 
paleo-shoreline areas. This process of aridification would have started before 4000 cal. 
yrs. BP (perhaps already with the onset of El Nino) but beginning around that date, the 
areas on the lower hill slopes of Cerros Coscomba were preferred. This change in the 
settlement pattern was also noticed by Cardenas (1999) and Alva (1986) during their 
investigations in Pampa de las Salinas. Dates from Salinas de Chao are between 4000 and
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3000 cal. yrs. BP. Although I have not explored this part of Pampa de las Salinas, it is 
possible that the sites with similar locations are contemporary with Salinas de Chao.
In Chapter 9, I have proposed to use 3300-2800 cal. yrs. BP as an estimate for the 
end of the progradation process (and ocean recession). This range of time could also be 
used to estimate the abandonment of Pampa de las Salinas. Before this time, the local 
environment of Pampa de las Salinas was very attractive for the local populations and 
signified important economic resources that sustained and increased the local population. 
It seems that this population also exploited the local salina that was progressively 
exposed as the ocean receded to its current position. The stone mortars found at the 
surface (and possibly in some tombs) of Los Morteros have been related to the important 
economic activity of salt processing (Cardenas 1999). The progressive aridification and 
salinization of Pampa de las Salinas could have reached a critical point around the 
proposed time, which was coupled with the southward displacement of an important local 
economic resource (Mesodesma clams) around 2800 cal. yrs. BP as a result of an increase 
in the frequency of major El Nino events (Sandweiss et al. 2001). Even when salt was an 
important economic resource for pre-Columbian populations, the presence of the local 
salina was not a sufficient reason to stay in Pampa de las Salinas. However, it seems that 
this salina continued to be exploited episodically by people who “camped” in the area, 
using perhaps some of the intrusive windbreaks reported in different parts of Pampa de 
las Salinas (see Chapter 5) and, later, deposited potsherds on terraces of Salinas de Chao 
(Daggett 1983).
The available data indicate that permanent settlements in Pampa de las Salinas
were abandoned around 3000 cal. yrs. BP. The environmental and landscape
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transformation experienced by this area toward the end of the Preceramic Period could 
suggest a possible correlation between environmental change and human activities 
(Sandweiss and Quilter 2012). The abandonment of Pampa de las Salinas could also have 
been coupled with social transformations in the valley, perhaps associated with the rise of 
new civic-ceremonial centers in other parts of the valley. Initial Period and Early Horizon 
sites such as Tizal on the right side of the lower valley or Cerro Cabra in the middle 
valley (Cardenas 1998) could have replaced Pampa de las Salina as regional centers for 
the Chao Valley (or even sites in the Santa or Vim Valleys). However, the lack of 
archaeological investigations in most areas of this valley does not allow a more in-depth 
discussion. It is important to stress the fact that the available data indicate that Pampa de 
las Salinas did not have significant human occupation after the Preceramic Period. The 
explorations of the sites of Pampa de las Salinas by my project and by Cardenas and 
colleagues in the late 1970’s indicate that the sites in this area were all preceramic, 
though some of them had sporadic ceramic period “reuse” without significant 
constructions.
10.2. Los Morteros and its Role During the Late Preceramic Period at Pampa de las 
Salinas
Los Morteros was the most important site in Pampa de las Salinas during the Late 
Preceramic Period. The location of this site, its particular shape, and its architectural 
characteristics make Los Morteros an outstanding site in the area. First, Los Morteros is 
located at the center of the paleo-shoreline escarpment where the oldest known
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Preceramic sites were built. Second, Los Morteros is the only mound-shaped artificial 
building in the area. Mound-shaped sites in Andean prehistory were sacred places where 
communal ceremonies took place. Third, during the Late Preceramic Period, Los 
Morteros is the only site in the area that exhibits early monumental-ceremonial 
constructions (the adobe architecture) and ritual architectural features (standing stones or 
huancas). Other ceremonial architecture at Pampa de las Salinas seems to have been the 
geoglyphs enclosed by square stone structures. There are five areas with geoglyphs in the 
Pampa de las Salinas, three of them south of Los Morteros, one to the east (La Cruz del 
Sur), and one to the north. No excavations or dating have been done in these areas yet, 
but surface explorations did not find evidence of ceramics. Cardenas (1999) associates 
these structures with astronomical activities related to the movement of the stars.
Forth, excavations at Los Morteros indicate that this site concentrated abundant 
and diverse economic resources more than any other site reported in the area (Cardenas 
1999). This fact would indicate that Los Morteros was a center that concentrated 
communally obtained economic resources. Los Morteros is also the only site in the area 
with numerous stone mortars. If these mortars were used to process salt as was previously 
proposed (Cardenas 1999), the concentration of these artifacts in Los Morteros would 
indicate that this site also had certain control over the processing, redistribution, and 
perhaps the exchange of salt, as could have been the case with other food resources. No 
stone mortars have been reported for any other site of Pampa de las Salinas.
The adobe structure and the stone room with the standing stone indicate the
presence of ceremonial spaces that would have congregated rather small groups of people
(families?). There is evidence that during the Third Phase of occupation of the site, stone
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structures similar to the one recorded on top of the mound were built at the northwest, 
northeast, and center sides of the mound, associated also with the presence of standing 
stones (huancas; see Chapter 6 and 7). This could indicate the existence of a small 
number of people (family heads?) with relatively high status who performed the rituals 
and ceremonies associated with these spaces and features (standing stones). These people 
could also have administrated and coordinated in some degree the labor and resources 
concentrated at Los Morteros during the Third Phase of occupation. Less can be said 
about the activities performed in the adobe architecture (hypothesized to be the Second 
Phase of occupation of the site) because I have only excavated a small part of this 
architecture. I can say that the activities that took place in this room also congregated a 
small number of people. However, at this state of the research it is unknown exactly how 
large was this adobe architecture and if it was part of a series of similar rooms that could 
have been also under the control of small groups or families.
The circumstances of the abandonment of Los Morteros are not clear at this state 
of the studies. I hypothesize that there was a shift from Los Morteros to Salinas de Chao 
as the local civic-ceremonial center. However, the data indicate a gap of ~1000 cal. yrs. 
BP between the last phase of occupation of Los Morteros and the oldest dates from 
Salinas de Chao. This gap might just be a matter of differences in research scales. Alva 
(1986) reports the presence of midden deposits overlaid by later platform constructions, 
but there is no evidence yet of ceremonial monumental construction underneath the dated 
structures. However, it is possible that these midden deposits (and other 
contexts/architecture potentially associated) have dates closer to the chronology of Los 
Morteros. Moreover, the pattern of the monumental architecture of Salinas de Chao does
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not seem to have local antecedents in the Late Preceramic settlements of Pampa de las 
Salinas, but some similarities with the so called “Norte Chico Architectural Tradition”, 
which are expressed by the presence of sunken circular plazas facing an ascending 
succession of platforms on the slopes of Cerros Coscomba (the use of the Cerros 
Coscomba could have replaced the construction of an artificial mound or pryramid as was 
the case of Los Morteros and the pattern of the Norte Chico). The adoption of this 
apparently foreign architectural pattern implies important local social changes. The scale 
of the ceremonial spaces increased considerably from Los Morteros to Salinas de Chao, 
implying the congregation of larger groups in the latter (and later) site or the aggregation 
of the whole local population. It is likely that instead of having several groups of 
emerging elites, the administration of Salinas de Chao was under a single group.
Although the presence of emerging elites is implied for the case of Los Morteros (and 
possibly Salinas de Chao), no direct indication of individual social differentiation is yet 
expressed through, for example, richer grave goods or the use of luxury items. The 
living-ceremonial stone structure of the top of the mound at Los Morteros differs from 
the architecture recorded at nearby domestic sites only by the presence of the standing 
stones and round corners. However, the high concentration of a variety of food and other 
resources at Los Morteros could be taken as a positive indicator of emerging elites. Los 
Morteros drew economic resources from all of the locally available sources, while no 
other contemporary site had similar numbers or diversity of resources.
We do not yet have a detailed chronology for the tombs found at Los Morteros, 
but more than one funerary phase is indicated by the excavated contexts. Some of the 
burials seem intrusive and post-abandonment of Los Morteros. It is possible that during
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the time of Salinas de Chao, Los Morteros was still a sacred place in the memory of the 
local population and some individuals had the “right” to be buried in that special place.
10.3. Los Morteros and the Maritime Foundation of Andean Civilization Hypothesis
In 1975 Michael Moseley published The Maritime Foundation o f Andean 
Civilization (MFAC) book that presented the hypothesis that the economic base of the 
Late Preceramic complex societies, that built the first monumental architecture, was the 
exploitation of marine resources (Moseley 1975). The MFAC hypothesis has been 
controversial since its publication because it proposed that Andean civilization, unlike 
civilizations in the rest of the world that were based upon agricultural systems, arose 
based on mainly marine resources complemented by agriculture of mostly industrial 
crops such as gourd and cotton that played a key role in the Preceramic fishing 
economies (Moseley 1975, 1992b). In the beginning, the MFAC hypothesis stressed the 
importance of mollusks in early maritime economies, but later Moseley recognized that 
small, schooling fish such as anchovies and sardines were a main source of protein in 
coastal Late Preceramic economies (Moseley 1992b).
Initial critics of this hypothesis pointed out the possible underrepresentation of 
agricultural remains (especially tubers) in the archaeological record due to site 
preservation and differences in excavation methodologies (Osborn 1977; Raymond 1981; 
Wilson 1981). After the work done by Moseley in the Ancon area, other Preceramic sites 
were excavated in different parts of the Peruvian coast, uncovering earlier evidence of 
maritime adaptations starting in the Early and Middle Preceramic Periods at sites such as
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Quebrada de Chorrillos, Ostra, Quebrada Jaguay, Quebrada Tacahuay, the Ring site, and 
Quebrada de los Burros (Engel 1980; Sandweiss et al. 1983, 1998; Cardenas et al 1992, 
1993; Keefer et al. 1998; Richardson 1998; Lavallee et al. 1999; deFrance et al. 2001; 
Lavallee and Julien 2012). These finds provided evidence that maritime adaptation 
started thounsands of years before the appearance of the Late Preceramic monumental 
sites; then why if maritime adaptations in Peru originated at the Early Preceramic Period, 
did civilization only develope during the Late Preceramic Period (Sandweiss 2009)? 
More recently, with the discovery of Late Preceramic corporate architecture in the Norte 
Chico (Shady et al. 2001; Haas et al. 2004), located several kilometers from the coast and 
associated with irrigation systems, the validity of the MFAC hypothesis was questioned 
again.
Although these critics of the MFAC hypothesis have pointed out interesting and 
compelling aspects of Preceramic dynamics, it cannot be denied that the MFAC is still a 
valid working hypothesis to analyze early monumentality and early social complexity in 
coastal Peruvian areas. As Sandweiss (2009) correctly stressed, the MFAC hypothesis 
should be taken as it was presented, this is as a proposal to assess economic aspects of 
early Andean civilizations. The origin and nature of the Late Preceramic complex social 
organizations must have involved more than the exploitation of certain economic 
resources. Likewise, the association of inland corporate centers with irrigation systems 
seems to have been addressed towards the intensification of cotton cultivation for fishing 
ends (Shady and Leyva 2003; Sandweiss 2009).
Within this context, can the early social achievements of Los Morteros be
explained with the MFAC hypothesis? Unfortunately, the state of the studies at Los
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Morteros only allows an answer regarding the Third Phase of occupation of the site 
(5570-5041cal. yrs. BP), associated with the stone-and-clay architecture found on top of 
the mound (see Chapter 7) and with dense domestic middens. As described and discussed 
in detail in Chapter 8, during this phase it is clear that the main source of protein came 
from the sea, especially fish, mollusks, and marine mammals. The diet was 
complemented by tubers, legumes, fruits, and seeds gathered or harvested in local 
wetlands and riverine areas. Although cotton seeds were the most abundant 
macrobotanical remains found at Los Morteros, the rest of the identified botanical taxa 
were found only as micro-remains. Therefore, it is hard to accurately assess the “weight” 
that the identified botanical resources had in the diet of the population and in other 
economic aspects. Nevertheless, the two coprolites analyzed (see Chapter 8) show in both 
cases the presence of fish remains along with tubers, legumes, fruits, and seeds which 
indicate a good integration of marine and terrestrial resources. This sample is still very 
small to draw a general conclusion about the diet of the Mortereans, but it suggests that 
this population exploited all available resources, although the “weight” that all the 
components had in the diet for now favors marine resources over terrestrial ones.
On the other hand, Los Morteros exhibits important particularities in relation to 
the MFAC hypothesis. First, with respect to the Moseley’s statement about the pivotal 
role that small, schooling fish played in Late Preceramic economies, my excavations at 
Los Morteros have proven (see Chapter 6 and 8) that the population of Los Morteros did 
not have a preference for consuming these small species. The careful recovery of remains 
during this study shows a great variety of fish species, favoring medium-sized to big fish 
over anchovies and sardines. I believe that the prevalence of anchovies and sardines in
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Norte Chico sites (Moseley 1975; Bearez and Miranda 2003) was a pattern developed 
later in the Late Preceramic Period and mostly established for the particular social 
dynamics developed in the Norte Chico and possibly the Central Coast. At this point it is 
important to recall that there are still few cases in which Late Preceramic domestic 
middens have been analyzed in detail and with a proper methodology directed to assess 
this topic. Another particularity in the economy of Los Morteros was the exploitation of 
the local salina, which could have been used to process marine resources for local 
consumption and for intra-valley exchange of “processed marine food” and salt. How 
important salt was for the local economy is a topic that needs further investigation that 
integrates Pampa de las Salinas with others parts of the Chao Valley.
Much less can be said for the Second Phase of occupation, when monumental 
adobe architecture was built in Los Morteros, since no materials were found directly 
associated with the structure. Nevertheless, the location of the site (perhaps since 7000 
cal. yrs. BP) at the center of the ancient shoreline (even closer to the ocean) and the 
available paleo-environmental data would indicate a rather similar economic system to 
later occupations. The details of this economy however are still to be defined based on 
more excavations.
In summary, the available data for Los Morteros indicate that food was based 
primarily on marine resources but the economy included exploitation of riverine and 
wetland environments along with salt. The long history of Los Morteros and Pampa de 
las Salinas make this a very suitable area to study the economic, social, and 
environmental processes involved in the rise of Andean civilization.
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10.4. Dissertation Conclusions and Contributions
As I noted at the beginning of this chapter, my research has advanced the 
understanding of the Preceramic occupation of Los Morteros and Pampa de las Salinas in 
several ways. Nevertheless, more research is needed, for example in order to build a more 
robust chronology of the area, to better understand the environmental processes during 
the Middle, Late, and Terminal Preceramic Periods, and to broaden the current 
understanding of the formation processes of Los Morteros. However, the results of this 
research can be summarized in the following points.
- Los Morteros was an artificial mound-shaped site, not a natural sand mound, and 
by 5700 cal. yrs. BP was already ~10 meters high.
- The Preceramic architecture of Los Morteros includes stone hearths, monumental 
adobe architecture, and stone-and-clay architecture with ceremonial features.
- I propose three phases of occupation for the contexts above mentioned. The First 
Phase (oldest) corresponds to a stone hearth containing fish remains and covered 
by Argopecten and Fissurella shells that yielded a calibrated date on charcoal of 
5726-5477 cal. yrs. BP. The Second Phase is hypothesized to be the monumental 
adobe structure, however there is no date directly associated with this 
architecture. The Third Phase corresponds to stone-and-clay architecture almost at 
the surface of the top of the mound, which is associated with domestic middens. 
This context yielded a calibrated date of 5570-5041cal. yrs. BP on a cotton seed.
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- The available archaeological data indicate that the oldest evidence of human 
occupation of Pampa de las Salinas dates to around 7000 cal. BP, with a 
continued occupation from around 6000 cal. yrs. BP to 3000 cal. yrs. BP.
- From 6000 to 4000 cal. yrs. BP, there was an increase in the number of sites in 
Pampa de las Salinas with the sites Conchal Viejo, Los Pescadores, Los Morteros, 
Piedras Negras A, and Piedras Negras B located along the paleo-shoreline 
escarpment.
- This period coincided in time with the onset of El Nino and the northward 
establishment of the Peruvian Current over this part of the north coast. These 
changes in the climate regime enriched the Peruvian ocean. More frequent El 
Nino events could have provided more fresh water to the Chao River, enriched the 
alluvial floodplain, and produced higher water table levels that could have been 
the source of fresh water for the local people. The rich ocean, riverine, and 
wetland environments made Pampa de las Salinas a very attractive and favorable 
area for permanent settlements and population growth.
- At around 4000 cal. yrs. BP, there was a change in the settlement pattern of 
Pampa de las Salinas. The available data indicate that the sites along the paleo- 
shoreline (the oldest sites in the area) were abandoned and the population moved 
to the slopes of the Cerros Coscomba where the site of Salinas de Chao was built. 
This change in the settlement pattern could have been related to the intensification 
of the aridification process, with strong coastal winds depositing higher amounts
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of eolian sand on the west side of Pampa de las Salinas and higher levels sediment 
of deposited by the ocean.
- At approximately 3000 cal. yrs. BP, Pampa de las Salinas was abandoned. No 
significant reoccupations are reported after this time. It is likely that the local 
salina continued to be sporadically exploited by people “camping” in the area 
using some of the windbreaks that are reported as intrusive to the Late Preceramic 
sites. Around 3000 cal. yrs. BP, the progressive desiccation of the local 
environment would have reached a high point that was coupled with the 
southward displacement of Mesodesma clams that were important local economic 
resources. This abandonment could have been correlated with social changes in 
the Chao Valley, perhaps related to the emergence of new centers by 3000 cal. 
yrs. BP.
- Los Morteros is an Early Late Preceramic site that contains examples of early 
small-scale monumental architecture dating at and before 5570-5041 cal. yrs. BP. 
This architecture seems to be related to the performance of activities and 
ceremonies that gathered small groups of people, perhaps at a family level.
- At this state of the research, the formation process of Los Morteros remains 
speculative but almost certainly involved manipulation of eolian sand. However, 
this site is the only mound in Pampa de las Salinas and it seems that the shape of 
the site was intentionally created even before the oldest occupation so far 
recorded. It is unknown yet why people made Los Morteros into a mound, but 
antecedents of coastal mound-shaped sites can be found in earlier shells mounds
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accumulated along coastal areas, some of which (for example the Ring Site on the 
south coast) exhibit evidence of intentional mound building (Sandweiss et al. 
1989). Ancient shell mounds have been also considered to represent territorial 
marks for local communities and to be long-term funerary repositories (Lightfoot 
1997). Los Morteros could have been built to resemble these early shell mounds, 
to create a sense of commonality, and to legitimize the “land rights” of the 
population of Pampa de las Salinas. The local landscape would have also acquired 
a special meaning with the construction of five possible astronomical zones 
(geoglyph areas; see Chapter 5) in the vicinity of Los Morteros. Nevertheless, this 
is an idea that needs to be tested with more excavations.
- During most of the Late Preceramic Period (and likely before), Los Morteros 
seems to have been the center of the social activities in Pampa de las Salinas, 
concentrating the ceremonial spaces and apparently the economic resources.
- Los Morteros has evidence suggestive of emerging elites or leaders who 
performed ceremonies and probably coordinated communal activities. 
Nevertheless, there is no evidence for differential individual access to resources 
among the population of Pampa de las Salinas.
- Los Morteros and the Late Preceramic sites of Pampa de las Salinas constitute the 
antecedents that help to understand the presence of a site like Salinas de Chao in 
this area. During the Late Preceramic Period, Pampa de las Salinas acquired the 
economic and social foundations for the development of monumental ceremonial
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centers, first at the site of Los Morteros at an apparently small scale, and later at a 
larger scale at Salinas de Chao.
- To date, there are no local antecedents for the architectural pattern of Salinas de 
Chao which seems to be in part an influence from the Norte Chico area. However, 
the data indicate that the bases of this site were local (socially and economically).
- The results of this study indicate that understanding the social developments of 
the Late Preceramic Period requires paying closer attention to local and regional 
histories that exhibit high variability, in addition to assessing homogeneous trends 
across the broader region.
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APENDIX A
TEST PITS OF STRATIGRAPHIC EXPLORATION OF THE PALEO-
EMBAYMENT
Appendix A shows all exploratory test pits excavated in the paleo-embayment of Pampa 
de las Salinas for stratigraphic analysis (Chapter 5). The stratigraphy of these test pits are 
shown in terms of the facies described and discussed in Chapter 5. Test pits of the South 











0.8 x 0.8 m
Depth:
1.08 m
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith m edium  coarse 













200 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d istinct beddinq.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm diam eter. Mixed w ith m edium  coarse 
















4 Clay/silt: clay silt layer of 3 cm to 9 cm thick. Massive.
5 Salt layers: 1 cm to 5 cm thick, semi com pact to compact. No distinct bedding.
6 Fine sand: well sorted fine-grained sand. Massive. 30 cm to 110 cm
7
Salt and sand: salt crystals and grains, 0.5 mm diameter. Mixed with medium coarse 













850 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm thick. M assive.
5 Salt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d istinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to  110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm diam eter. Mixed with m edium  coarse 
sand. Loose texture. 3 cm  to 40  cm
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1050 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 











0.8 x 0.8 m
Depth:
0.77 m
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 













1450 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 











0.8 x 0.8 m
Depth:
0.35 m
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d istinct beddinq.
6 F ine sand: well sorted fine-qra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 













2300 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d istinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 










0.8 x 0.8 m
Depth:
1.32 m
Facies D escrip tion
1
Poorly sorted, angular, c last-supported and m atrix-supported. C last size from  3 cm 













150 m west of P01
Facies D escrip tion
2
Sand: coarse  to fine sand. F ining upward sequence o f 30 cm to 40  cm  each 
sequence.













450 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 













650 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 
sand. Loose texture. 3 cm  to 40  cm
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Profile North
























1050 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 




























1450 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 













1650 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 
sand. Loose texture. 3 cm  to 40  cm
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1850 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 













2050 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 













2300 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 














2500 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 F ine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed w ith  m edium  coarse 
sand. Loose texture. 3 cm  to 40  cm
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U TM  c o o rd in a te s :
7 5 0 3 1 7  E 
9 0 4 2 0 0 3  N
E le va tio n :
5 m asl
A re a :
0 .8  x 0 .8  m
D epth :
0 .7  m
Central Transect-P14
Profile West
2700 m west of P01
Facies D escription
4 Clay/silt: clay silt layer of 3 cm to 9 cm thick. Massive.
5 Salt layers: 1 cm to 5 cm thick, semi compact to compact. No distinct bedding.
6 Fine sand: well sorted fine-grained sand. Massive. 30 cm to 110 cm
7
Salt and sand: salt crystals and grains, 0.5 mm diameter. Mixed with medium coarse 













2900 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm thick. M assive.
5 S a lt layers: 1 cm  to 5 cm  th ick, sem i com pact to com pact. No d is tinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 















6  (2.5Y 3/2) 













3350 m west of P01
Facies D escrip tion
5 Salt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 




U T M  c o o rd in a te s :
7 5 2 9 5 9  E 
9 0 4 1 3 7 1  N
E le v a tio n :
7 m a s l
A re a :
0 .8  x  0 .8  m
D e p th :
0 .7 5  m
Facies Description
4 Clay/silt: clay silt layer of 3 cm to 9 cm thick. Massive.
5 Salt layers: 1 cm to 5 cm thick, semi compact to compact. No distinct bedding.
6 Fine sand: well sorted fine-grained sand. Massive. 30 cm to 110 cm
7
Salt and sand: salt crystals and grains, 0.5 mm diameter. Mixed with medium coarse 
sand. Loose texture. 3 cm to 40 cm
South Transect-P02
Profile South
1 50  m  w e s t o f  P01
U T M  c o o rd in a te s :
7 5 2 8 1 2  E 
9 0 4 1 3 7 9  N
E le v a tio n :
4  m a s l
A re a :
0 .8  x  0 .8  m
D e p th :
0 .7 8  m
Facies Description
4 Clay/silt: clay silt layer of 3 cm to 9 cm thick. Massive.
5 Salt layers: 1 cm to 5 cm thick, semi compact to compact. No distinct bedding.
6 Fine sand: well sorted fine-grained sand. Massive. 30 cm to 110 cm
7
Salt and sand: salt crystals and grains, 0.5 mm diameter. Mixed with medium coarse 











0.8 x 0.8 m
Depth:
0.95 m
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 













550 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 













750 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 













950 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 











0.8 x 0.8 m
Depth:
0.75 m
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 











0.8 x 0.8 m
Depth:
0.63 m
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 













1500 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













1700 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













1900 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













2100 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













2300 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













2500 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













2700 m west of P01
Facies D escrip tion
4 Clay/silt: c lay silt layer o f 3 cm  to 9 cm  thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  th ick, sem i com pact to com pact. No d is tinc t bedding .
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 m m  d iam eter. M ixed w ith m edium  coarse 













2900 m west of P01
Facies D escrip tion
4 Clay/silt: c lay s ilt layer o f 3 cm  to 9 cm thick. M assive.
5 Sa lt layers: 1 cm to 5 cm  thick, sem i com pact to com pact. No d is tinct bedding.
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse 













3050 m west of P01
Facies D escrip tion
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to  110 cm













3250 m west of P01
Facies D escrip tion
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Salt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. M ixed w ith m edium  coarse  
sand. Loose  texture. 3 cm  to 40  cm













3450 m west of P01
Facies D escrip tion
6 Fine sand: well sorted fine-gra ined sand. M assive. 30 cm  to 110 cm
7
Sa lt and sand: sa lt crystals and gra ins, 0.5 mm d iam eter. Mixed with m edium  coarse 













3650 m west of P01
Facies D escrip tion
6 Fine sand: well sorted fine-qra ined sand. M assive. 30 cm  to 110 cm
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